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ABSTRACT 

The  critical  factors  involved  in  the 
selection  of  fluids  and  lubricants  for  deep 
ocean  equipment  are  defined,  and  methods  of 
determining  critical  properties  are  described. 
The  values  of  critical  properties  are  given 
for  fluids  and  lubricants  as  they  have  been 
determined  or  are  known  from  previous  liter¬ 
ature.  Suggestions  also  are  given  on  the 
applicability  and  possible  limitations  of  the 
fluids  and  lubricants  for  deep  submergence 
vehicle  use.  It  is  planned  to  revise  and 
update  the  contents  of  this  handbook  period¬ 
ically. 


PREFACE 


The  Deep  Ocean  Technology  (DOT)  "Handbook  of  Fluids  and 
Lubricants  for  Deep  Ocean  Applications"  was  prepared  to  provide 
critical  properties,  evaluation  methods,  and  other  pertinent 
fluid  and  lubricant  inf'.  •  f>on  to  designers,  engineers,  and 
operating  personnel  concerneo,  with  deep  ocean  applications. 

This  handbook  is  a  "guide,"  not  a  specification.  It  cannot 
be  cited  as  authority  for  action,  it  supplements  published 
information  and  aids  the  user  in  selection  of  a  fluid  or  lubri¬ 
cant  applicable  to  a  particular  deep  ocean  application. 

Content  and  Organization  of  the  Handbook 


Chapter  I  defines  and  discusses  the  factors  involved  in  the 
selection  and  performance  of  fluids  and  lubricants  in  deep  ocean 
applications.  This  chapter  is  written  as  an  integrated  account 
to  be  read  in  sequence  as  in  a  book. 

Chapter  II  describes  in  detail  the  methods  employed  for 
establishing  the  fluid  properties  presented  in  Chapter  III.  This 
last  chapter  provides  suggested  applications  and  possible  limi¬ 
tations  in  addition  to  the  properties. 

In  compiling  these  data  we  have  consulted  many  sources  and 
utilized  applicable  experience  wherever  found.  Thus,  the 
Bibliography  represents,  in  effect,  contributors  as  well  as 
source  material. 

Revisions,  Growth,  and  "User  Comment  Return  Form" 


The  DOT  "Handbook  of  Fluids  and  Lubricants  for  Deep  Ocean 
Applications"  is  designed  to  be  periodically  revised  to  include 
new  data  and  considerations  for  fluid  encapsulated  system  design 
and  additional  deep  ocean  applications.  Responsibility  for  the 
maintenance  and  expansion  of  the  handbook  has  been  assigned, 
under  the  supervision  of  the  Naval  Ship  Systems  Command  (SHIPS 
03424),  to  the  Naval  Ship  Research  and  Development  Laboratory, 
Annapolis,  Maryland. 

Revisions  to  the  handbook  will  be  effected  by  the  use  of 
page  changes  and  additions.  As  the  handbook  is  published  in 
loose-leaf  form,  revisions  may  easily  be  made. 
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PREFACE  (Cont) 

Using  commands  and  individuals  within  tho  Navy  and  the  non¬ 
military  marine  community  are  encouraged  to  submit  additional 
data,  paragraphs,  or  chapters.  Less  extensive  feedback  -  even 
mere  indications  that  specified  sections  are  judged  to  be  too 
general  ..  is  useful  and  solicited.  Feedback  may  be  forwarded 
directly  to 


Deep  Ocean  Technology  program 

Naval  Ship  Research  and  Development  Laboratory 

Annapolis,  Maryland  21402 


Material  received  will  be  carefully  reviewed  and  coordinated 
prior  to  publication.  A  handy  preaddressed  user  comment  return 
form  is  included  for  your  convenience. 
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INTRODUCTION 
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in  tha  typical  U.  S.  Navy  submarine,  most  of  the  operating 
machinery  for  propulsion,  maneuvering,  and  other  required  func- 
tions  is  located  within  the  pressure  hull,  in  contrast,  only 
the  control  equipment  of  deep  submergence  vehicles  is  housed 
within  the  pressure  capsule.  It  is  connected  by  wires  through 
j  glass-to-metal  seals  through  the  capsule  to  external  machinery. 
Thus,  only  electrical  control  signals  are  provided  to  pumps, 

,  ■,  motors,  winches,  hydraulic  systems,  and  the  other  required 
1  |  machinery  operating  in  the  ambient  pressure,  temperature,  and 
contaminants  of  the  deep  ocean. 

:  j  To  shield  system  components  from  the  corrosive  action  of 

seawater  and  other  effects  of  the  ocean  environment  requires 
(  '  that  equipment  be  operated  within  some  sort  of  protective  medium. 
Three  approaches  are  being  pursued;  (1)  encapsulation,  (2)  the 
"hard  shell,"  and  (5)  fluid  compensation.  Encapsulation  of 
components  in  a  material  such  as  epoxy  resin  is  under  investiga- 
.  j  tion.  As  an  alternative,  the  sealed  case,  or  "hard  shell,"  is 
not  always  applicable,  its  disadvantages  are  the  size  and 
r  •  weight  required  to  withstand  the  pressure  of  the  deep  ocean 

environment,  means  to  achieve  adequate  neat  transfer,  and  the 
problem  of  penetrations  that  can  withstand  high-pressure 
M  differentials.  A  fluid-filled,  pressure-compensated  case  for 

these  components  external  to  the  pressure  hull  has  been  the  pre¬ 
ferred  protective  approach.  This  is  the  alternative  that 
[  '■  requires  consideration  of  suitable  protective  fluids. 
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CHAPTER  I 

FLUID  AND  LUBRICANT  PROPERTIES  AND  USE  CLASSIFICATION 


The  exploration  of  the  ocean  depths  has  created  requirements 
for  fluids  and  lubricants  for  which  no  precedent  exists.  The 
hostile  environment  of  the  ocean,  and  not  necessarily  the  sophis- 
tication  of  the  equipment,  has  placed  new  demands  on  fluids  and 
lubricants.  Fluids  will  have  to  withstand  exposure  to  ambient 
temperatures  ranging  from  28°  to  130°  F,  pressures  up  to  20,000 
psi,  and  a  chemically  corrosive  environment.*  undersea  explora¬ 
tion  is  being  performed  by  means  of  manned  and  unmanned  submer- 
sibles,  with  externally  placed  pressure -compensated  machinery, 
manned  submerged  habitats,  and  submerged  instrument  packages, 
each  of  which  may  have  fluid  or  lubricant  needs . 

Generally  speaking,  there  are  three  main  uses  for  fluids 
and  lubricants  in  deep  ocean  applications: 

e  Power  transmission;  i.e.,  the  fluid  for  a  hydraulic 

system. 

e  Lubrication;  i.e.,  friction  and  wear  reduction  for 
system  bearings  and  gears. 

e  Shielding  from  environment;  i.e.,  a  fluid  to  fill 
externally  placed  electric  motors,  switches,  and  relay  boxes,  to 
protect  the  components  from  seawater. 

Ideally  one  fluid  could  serve  all  three  purposes,  but  most  fluids 
will  not  be  suitable  for  all  threa. 

Furthermore,  it  must  be  remembered  that  when  products  pur¬ 
chased  under  a  military  or  federal  specification  are  used, 
properties  not  specifically  required  by  the  specification  may 
vary  widely  from  one  manufacturer  to  another  and  from  one  manu¬ 
facturer's  batch  to  another. 

Viscosity 


Viscosity  is  one  of  the  most  important  single  properties  of 
any  fluid  that  is  to  be  used  for  power  transmission  or  for  lubri¬ 
cation.  In  surface  vessels,  submarines,  and  aircraft,  viscosity 


♦Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual, 
1967#  unless  otherwise  noted. 
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is  no  longsr  a  serious  problem,  since  representatives  of  the 
various  types  of  hydraulic  fluids  and  lubricants  are  available  in 
suitable  viscosities,  and  with  improved  additives  to  yield  very 
favorable  viscosity/temperature  relationships.  While  the  effect 
of  temperature  is  still  the  major  consideration,  a  new  variable, 
introduced  with  deep  submergence,  the  viscosity/pressure  relation¬ 
ship,  is  superimposed  on  the  temperature  effect. 

In  nearly  all  planned  uses,  as  many  components  as  possible 
are  placed  external  to  the  pressure  hull  where  the  fluid  serves 
as  a  protective  medium  for  the  mechanical  arid  electrical  system 
components  and,  of  course,  is  subjected  to  the  ambient  pressure 
at  the  dive  depth.  Moreover,  the  fluid  in  a  hydraulic  system  is 
usually  pressurized  to  3000  psi  above  the  ambient  pressure  to 
operate  the  system  components.  Such  systems  could  subject  the 
fluid  to  a  total  of  20,000  psi  at  the  maximum  known  depth  of 
the  ocean. 

It  is  well  known  that  viscosity  increases  with  pressure. 

The  viscosity  of  pure  petroleum  oils  may  increase  as  much  as 
30  times  at  a  pressure  of  20,000  psi.  The  viscosity  of  petroleum 
oils  with  polymeric  additives  that  improve  the  viscosity  index 
exhibits  an  increase  of  only  10-13  times  the  atmospheric  pressure 
value.  Silicone  oil  of  low  viscosity  increases  8-10  times  in 
the  same  range.  Several  mathematical  relationships  for  predict¬ 
ing  the  increase  of  viscosity  with  pressure  have  been  studied. 

The  best  representation  has  been  obtained  from  a  third-order 
polynomial  expansion  of  the  logarithm  of  viscosity  at  pressure 
which  agrees  with  measured  values  to  within  1$;  i.e., 

jtny  =  Mvq  +  bp  +  cps  +  dp3 


where 

u  =  viscosity  at  the  measured  pressure 
uQ  =  viscosity  at  atmospheric  pressure 
p  «  pressure 

b  m  coefficient  characteristic  of  the  fluid  measured 

c  «  coefficient  characteristic  of  the  fluid  measured 

d  ■  coefficient  characteristic  of  the  fluid  measured. 
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(A  straight-line  fit  logarithm  of  viacoaity  varaua  praaaure  data, 
Ing  ■  ing0  -f  bp,  will  predict  values  to  within  10$  of  the  mea- 
aured  valuea.  The  coefficienta  of  the  equations  are  character, 
iatic  of  the  fluid  measured.) 

The  preaaure/viacosity  relationship  imposes  a  new  restric. 
tion  on  the  choice  of  fluids.  The  information  available  at  the 
present  time  offers  some  guidelines  upon  which  to  base  a 
selection t 


e  Lower  viscosity  fluids  are  less  affected  by  pres¬ 
sure  than  higher  viscosity  fluids. 

e  Low  viscosity  permits  higher  speeds  in  electric 

motors . 

e  The  viscosities  of  gas-saturated  fluids  are  less 
affected  by  pressure  than  are  those  of  the  gas -free  fluids. 

e  Additives  which  improve  the  viscosity /temperature 
relationship  appear  to  significantly  reduce  the  viscosity  change 
due  to  pressure  increase. 

e  Low  viscosity  has  also  been  shown  to  be  a  desirable 
characteristic  of  fluids  used  in  the  satisfactory  operation  of 
switching  electrical  devices  in  fluids  under  high  pressure.  The 
failure  of  electrical  devices  due  to  the  buildrp  of  solid  prod¬ 
ucts  or  "clinkers"  between  contact  surfaces  in  pressure  compen¬ 
sating  fluids  takes  place  less  readily,  the  lower  the  viscosity 
of  the  fluid. 

The  addition  of  polymeric  viscosity  index  improvers  offer 
an  attractive  possibility  for  alleviation  of  both  temperature 
and  pressure  effects  on  viscosity.  These  materials  render  a 
fluid  non -Newtonian;  that  is,  its  viscosity  becomes  dependent 
upon  the  shear-rate  condition  to  which  the  fluid  is  subjected. 

The  system  designer  must  take  into  account  that  the  apparent  vis¬ 
cosity  of  a  non-Newtonian  fluid  in  a  system  with  a  high  shear  rate 
will  be  significantly  lower  than  the  viscosity  measured  by  conven¬ 
tional  laboratory  viscometers.  The  same  shear  which  lowers  the 
viscosity  of  the  fluid,  due  to  its  non-Newtonian  behavior,  has 
the  undesirable  property  of  eventually  degrading  the  viscosity¬ 
improving  additive  (a  polymer  of  high  molecular  weight)  by  reduc¬ 
ing  its  molecular  weight,  thus  permanently  reducing  the  viscosity 
of  the  fluid. 
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Viscosity  may  toe  an  important  consideration  for  fluids  which 
are  intended  to  provide  environmental  protection  for  nonmoving 
electrical  and  electronic  components.  There  arc  indications  that 
in  the  event  of  sea-water  contamination,  all  other  things  being 
equal,  fluids  of  hidicr  Viscosity  have  a  greater  tendency  to  keep 
water  in  suspension,  a  characteristic  which  lowers  the  dielectric 
breakdown  voltage  and  insulation  resistance  of  the  fluid  to 
unacceptable  levels. 

Low  viscosity  may  also  be  desirable  in  relation  to  elec¬ 
trical  equipment,  from  the  standpoint  of  heat  transfer.  The 
lower  the  viscosity  of  the  fluid,  the  more  rapid  will  be  the 
desired  dissipation  of  heat  generated  by  motors,  switches,  solid- 
state  devices,  and  other  electrical  components. 

Lubricating  Ability 


The  lubricating  ability  of  a  fluid  or  lubricant  is  a  criti¬ 
cal  consideration  in  the  selection  of  an  immersion  medium  for 
moving  parts.  While  viscosity  has  been  separately  discussed  as 
a  critical  property,  it  also  affects  lubricating  ability.  The 
present  requirement  for  lubrication  of  moving  parts  under  deep 
submergence  pressure,  when  considered  in  the  light  of  the  proper¬ 
ties  of  known  lubricants,  dictates  the  use  of  low  viscosity 
fluids.  On  the  other  hand,  such  fluids  present  serious  lubri¬ 
cation  problems  at  atmospheric  pressure.  A  fluid  for  deep  ocean 
use  will  have  its  highest  viscosity  at  the  maximum  operating 
depth  and  thus  at  the  lowest  ambient  temperature.  It  will  also 
have  its  lowest  viscosity  while  operating  on  the  surface  or  at 
its  shallowest  operating  depth,  where  the  ambient  pressure  is  at 
a  minimum  and  ambient  temperature  is  at  the  maximum.  Thus,  a 
fluid  may  have  adequate  viscosity  for  lubrication  over  most  of 
a  machine's  operating  depth;  yet  when  the  machine  is  operated  on 
the  surface,  its  viscosity  may  be  below  acceptable  levels  for 
good  lubrication.  Conversely,  a  machine  may  have  good  efficiency 
due  to  low  viscosity  when  operating  near  the  surface  and  have 
poor  efficiency  due  to  high  viscosity  when  operating  at  maximum 
depth.  In  applications  where  viscosity  is  an  important  factor 
(motors,  gears,  and  hydraulic  systems)  it  is  necessary  to  con¬ 
sider  these  operating  extremes.  A  fluid  whose  viscosity  shows  a 
small  variation  with  pressure  and  temperature  and  has  good  lubri¬ 
cating  properties  would  be  desirable  for  that  machine.  However, 
in  most  instances,  today,  a  tradeoff  must  be  made  since  fluids 
with  these  ideal  properties  do  not  exist  for  all  required 
applications. 


1-4 


A  similar  set  of  re \vu i results  wna  encountered  in  "Aerospace 
applications  where  low  viscosity  lubricants  had  to  be  employed 
due  to  the  extremely  low  temperature  of  the  operating  environ¬ 
ment.  The  solution  to  the  problem  was  to  develop  additives  to 
improve  the  load-carrying  ability  (i.e.,  the  ability  of  a  lubri¬ 
cant  to  maintain  a  film  between  two  moving  metal  components  pre¬ 
venting  metal -to -metal  contact,  duspite  extremely  high  pressures), 
to  develop  additives  to  improve  the  viscosity/temperature  rela¬ 
tion,  and  to  develop  additive*  to  keep  the  lubricants  from  oxi¬ 
dizing  from  the  heat  generated  by  less-than-satisfactory  lubri¬ 
cation.  in  addition  to  the  development  of  lubricants,  changes 
were  made  in  design  of  the  equipment  to  make  it  tolerate  the  low 
viscosity  lubricants.  Furthermore,  the  nature  of  the  application 
made  the  relatively  short  running  time  and  short  equipment  life 
acceptable. 

"Aerospace" -type  lubricants  are  currently  in  use  in  both 
Navy  and  commercial  deep  submergence  vehicles.  While  they  have 
proved  satisfactory  for  present  short-term  operations,  improve¬ 
ments  are  required  for  reliable  long-term  operation  in  the  pres¬ 
sure  range  expected  in  the  deep  ocean  environment. 

Effects  of  Contamination 


It  is  well  known  that  water  in  a  lubricant  reduces  the  life 
of  loaded  rolling  angular-contact  bearings  by  accelerating 
rolling -contact  fatigue  failure.  Water  in  a  lubricant  also 
alters  its  rheological  properties  which  ultimately  affect  its 
lubricating  ability  for  gears  and  sliding  contacts. 

Solid  contaminants  in  the  lubricant  act  as  abrasives  to 
increase  the  wear  on  moving  parts,  and  if  solid  particles  are 
present  in  sufficient  quantities,  the  filters  and  valves  in  mov¬ 
ing  systems  may  become  clogged  and  fail  to  operate  as  designed. 

The  acceptable  limits  of  both  sea-water  and  solid  contamina¬ 
tion  have  not  been  established. 

Corrosion  Protection 


Fluids  and  lubricants  for  deep  ocean  uses  must  provide  pro¬ 
tection  from  the  corrosive  character  of  the  environment,  seawater. 
The  fluid  or  lubricant  must  be  capable  of  protecting  the  system 
from  corrosion,  for  seawater  has  a  high  probability  of  entering 
the  system. 
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Rust-inhihiting  fluids  and  lubricants  ol  many  types  have 
been  available  for  years  and  are  available  in  the  low  visco.-ity 
types  required  for  deep  ocean  applications.  However,  the  ability 
ofmany  fluids  to  inhibit  corrosion  has,  in  the  past,  been  eval¬ 
uated  chiefly  in  terms  of  the  rust  prevention  of  ferrous  metals. 
To  depena  an  such  fluids  may  be  hazardous  since  there  are  also 
nonferrous  metals  in  all  deep  submergence  systems.  It  is  not 
always  possible  to  use  the  fluid  which  has  given  maximum  protec¬ 
tion  to  a  mild  steel  specimen  in  a  laboratory  test,  since  Here 
are  numerous  examples  of  rust-inhibited  fluids  which  severely 
attack  nonferrous  metals.  The  specifications  of  fluids  for 
corrosion  inhibition  should  be  prepared,  or  revised,  so  that 
uniform  protection  is  provided  for  all  the  metals  encountered 
in  the  various  systems. 

A  fluid  which  is  to  be  used  for  any  of  the  three  main 
functions  -  power  transmission,  lubrication,  environmental 
protection  -  must  display  the  ability  to  protect  all  system 
metals  from  corrosion.  This  is  a  property  which  must  be  con¬ 
tinually  improved  so  that  system  components  are  protected  from 
all  forms  of  corrosion,  that  is,  stress,  galvanic,  crevice,  and 
pitting,  as  well  as  general  chemical  attack  by  the  action  of 
seawater. 

Dielectric  Properties 

A  pressure-compensating  fluid  for  electric  motors,  relays, 
switching  devices,  and  electronic  equipment  must  have  good 
dielectric  properties  and  ideally  should  be  otherwise  inert  to 
the  effects  of  electrical  equipment  operation. 

The  dielectric  quality  of  a  fluid  is  measured  in  terms 
of  electrical  resistivity,  dissipation  factor,  and  dielectric 
breakdown  voltage.  Dielectric  properties  of  a  fluid  as  received 
result  from  its  chemical  nature  and  from  the  presence  of  addi¬ 
tives  in  certain  cases,  in  practice,  several  factors  affect 
dielectric  properties  during  usage. 

Contamination  of  the  fluid  by  sea-water  leakage  is  an 
important  cause  of  failure.  As  little  as  0.1#  contamination  by 
seawater  reduces  the  resistivity  of  some  fluids  below  suggested 
limits.  Fluid  chemical  changes  and  carbon  produced  by  arc  dis¬ 
charge  through  the  fluid  or  from  brush  wear  also  lower  its 
resistivity  and  breakdown  voltage  below  suggested  limits.  Equip¬ 
ment  failures  due  to  lowered  resistivity  and  dielectric  breakdown 
voltage  also  have  been  caused  by  contamination  with  metallic 
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particles  resulting  from  the  wear  processes  of  moving  parts.  A 
commonly  observed  failure  at  high  pressures  and  high  current 
densities  of  flu id -compensated  electrical  switching  devices  is 
the  deposition  of  carbon  or  silica  on  electrical  contacts,  where 
arcing  occurs.  At  present  no  fluid  has  been  found  that  can  pro- 
vice  long  life  under  these  conditions. 

Dissipation  Factor 

The  need  for  fluids  and  lubricants  with  corrosion  protec¬ 
tion  properties  and  improved  lubricating  ability  has  led  to  the 
formulation  of  products  which  contain  polar  additives  and  those 
in  which  water  is  soluble  or  with  which  water  is  miscible.  In 
addition  to  lowering  the  resistivity  and  dielectric  breakdown 
voltage,  the  polar  materials  also  decrease  the  efficiency  of 
an  electric  motor  by  transformation  of  electrical  energy  into 
heat  energy  in  a  nonsinusoidal  alternating-current  system.  A 
useful  measure  of  this  property  is  the  dissipation  factor  of 
the  fluid.  A  high  dissipation  factor  predicts  dielectric  heat¬ 
ing  losses.  Dissipation  factor  is  defined  as  the  tangent  of  the 
loss  angle  expressed  as  percent  for  a  dielectric  material ,  (A 
perfect  insulator  would  have  a  loss  angle  of  0  degree  and  thus 
a  dissipation  factor  of  0%.)  Dielectric  heating  losses  are 
proportional  to  the  square  of  the  voltage  gradient,  frequency 
of  applied  voltage,  dielectric  constant,  and  dissipation  factor. 

The  trend  in  submersible  equipment  is  to  use  inverters  and 
choppers,  without  filters  to  save  weight;  thus,  high  frequencies 
are  encountered.  It  then  becomes  obvious  that  dielectric  losses 
through  the  fluid  will  increase  if  the  dissipation  factor  of  the 
immersion  fluid  is  high  or  if  it  increases  due  to  contamination. 

The  losses  would  not  be  immediately  obvious  in  laboratory  bench 
studies  where  commercial  electric  power  is  the  energy  source, 
in  actual  naval  service  unfiltered  inverters  and  choppers  with 
a  large  percentage  of  high-frequency  component  are  used.  Eval¬ 
uation  methods  which  consider  this  operating  condition  have  net 
been  devised. 

Ability  to  Form  Stable  Emulsions 

When  the  fluid  encapsulating  any  electrical  equipment  becomes 
sea-water  contaminated,  it  is  clear  from  the  statements  in  the 
preceding  paragraphs  on  dielectric  properties  that  efficiency  may 
be  lost  or  failure  may  occur.  The  quantity  of  the  seawater  in 
the  fluid  and  its  state  of  subdivision  may  determine  whether 
failure  or  efficiency  losses  will  occur.  This  factor  is  especially 
important  in  the  operation  of  electric  motors  where  motor  shaft 
seals  may  allow  leakage  of  the  external  seawater.  If  the  oil 


permits  the  water  to  separate  in  large  drops,  a  short  circuit 
and  catastrophic  failure  can  occur  when  one  of  the  drops  of 
seawater  bridges  the  electrical  gap.  If,  on  the  other  hand, 
the  water  is  emulsified  in  extranely  small  droplets,  the  motor 
may  still  operate,  even  though  dielectric  heating  and  loss  of 
efficiency  may  occur.  In  this  case,  even  though  emulsified 
water  in  the  immersion  fluid  may  ultimately  lead  to  motor 
failure,  the  failure  is  not  of  the  catastrophic  type.  Present 
methods  of  evaluation  of  emulsifying  ability  have  not  yet  been 
correlated  with  performance  capability.  The  limits  of  emulsi¬ 
fied  water  in  oil  and  the  limits  of  polar-type  emulsifiers  have 
not  been  established,  nor  has  the  use  of  nonpolar  emulsifiers 
been  investigated.  These  considerations  are  not  so  important 
in  electrical  components  other  than  motors  where  little  agita¬ 
tion  occurs. 

Material  Compatibility 

The  use  of  compatible  materials  in  a  system  which  is  to 
be  fluid-filled  is  of  prime  importance  regardless  of  the  fluid 
used.  Bo  system  should  be  designed  without  considering  the 
compatibility  of  the  fluid  and  material.  When  a  fluid  is 
selected,  a  list  of  compatible  materials  should  be  compiled 
or  consulted  to  determine  whether  the  metals,  coatings,  insula¬ 
tions,  seals,  and  elastomers  in  the  system  are  compatible,  if 
a  specific  material  is  required  for  a  particular  application, 
then  the  fluid  selection  must  be  governed  by  its  compatibility 
with  that  material,  incompatible  coatings  or  elastomers  may 
cause  the  formation  of  sludge  in  the  fluids.  System  leaks  can 
develop  when  incompatible  elastomers  are  used  for  sealing. 
Electrical  failures  can  result  from  the  use  of  incompatible 
fluids  and  insulating  materials.  Accelerated  corrosion  usually 
results  when  a  fluid  is  in  contact  with  an  incompatible  metal. 

volatility  and  Toxicity 

These  two  related  properties  require  consideration  for  any 
fluid  or  lubricant  application.  Nearly  all  volatile  materials 
pose  a  certain  degree  of  toxicity,  but  not  all  toxic  liquid 
materials  are  volatile.  The  toxicity  may  be  exhibited  in 
various  ways,  volatile  materials  may  affect  lungs,  bronchi,  and 
nasal  passages  either  by  irritant  action,  by  chemical  or  solvent 
action  on  tissue,  or  by  forming  an  inert  coating  to  interfere 
with  the  respiratory  process.  Toxic  liquids  in  contact  with  th« 
skin  or  eyes  cause  irritation,  destruction  of  tissue  by  chemical 
action,  or  dermatitis,  in  sensitive  individuals.  Inert  liquids 
such  as  silicone  oils,  which  are  not  considered  toxic  in  the 
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usual  sense  of  the  word,  present  special  problems  when  they  yet 
in  the  eyes  or  are  inhaled.  Their  insolubility  and  immiscibi 1 i ty 
with  water  make  it  impossible  for  body  fluids  to  carry  them  away, 
and  in  the  case  of  the  eye,  a  condition  similar  to  cataract  can 
result,  in  most  cases,  fluids  and  lubricants  used  in  deep  sub¬ 
mergence  will  be  volatile  and  toxic.  Such  use,  however,  will 
be  in  capsules  external  to  the  pressure  hull  of  manned  vehicles. 
The  breathing  atmospheres  of  manned  habitats  will  have  to  be 
reviewed,  particularly  from  the  standpoint  of  sources  of  fluid 
vapors  or  solid  lubricant  dust.  The  volatility  of  all  solid  and 
liquid  lubricants  should  be  specified  properly  for  all  deep  ocean 
applications.  The  effect  of  pressure  should  be  included  since 
in  most  cases  volatility  increases  with  pressure. 


feasibility  and  Density 


Ideally  a  liquid  is  incompressible,  but  existing  fluids  and 
lubricants  show  decrease  in  volume  in  the  case  of  petroleum 

fluids,  and  8^-13#  in  the  case  of  silicone-base  fluids  when  they 
are  in  the  pressure  range  from  atmospheric  to  20,000  psi.  Fluid- 
encapsulated  systems  must  be  designed  to  allow  sufficient  fluid 
to  ensure  that  the  system  components  will  be  lubricated  and 
protected  from  the  environment  in  spite  of  any  volume  reduction 
in  the  fluid.  Compressible  liquids  can  cause  some  operational 
sluggishness  if  they  are  employed  in  a  hydraulic  system. 


It  is  desirable  to  have  liquids  with  a  density  less  than 
1.0  gram  per  cc  at  atmospheric  pressure  since  this  will  save 
weight  in  the  system.  All  of  the  petroleum  oils  and  most  .i  the 
applicable  silicone  oils  have  a  density  of  leas  than  1.0  at 
atmospheric  pressure.  The  more  inert  classes  of  liquids  all  have 
high  densities  and  are  not  being  generally  utilised  for  that 
reason.  Since  ther>-  is  an  increase  in  density  with  an  increare 
in  pressure  and  the  weight  of  the  fluid  head  will  change,  the 
circulation  rate  may  decrease  for  fluids  or  lubricants  which  a*-e 
pump-circulated.  The  density  as  well  as  the  compressibility  of 
fluids  as  a  function  of  both  temperature  and  pressure  should  be 
considered  by  vehicle  and  machinery  designers. 


Chemical  Stability 


The  term  "chemical  stability"  is  used  here  to  indicate  the 
ability  of  a  fluid  or  lubricant  to  resist  oxidative,  hydrolytic, 
or  thermal  degradation.  Failure  of  a  fluid  or  lubricant  to 
resist  oxidation  or  hydrolysis  creates  a  hostile  environment  for 
the  system  components  sven  in  the  abeence  of  contamination.  Such 
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breakdown  results  in  the  formation  of  sludge  and  fluid  viscosity 
changes  which  can  promote  wear  and  impair  system  operation.  in 
the  case  of  oxidation  or  hydrolysis,  organic  acids  are  formed 
which  can  be  corrosive  to  system  metals.  Such  breakdown  of 
fluids  and  lubricants  is  considered  normal  and  likely  to  occui 
in  any  type  of  service  to  various  degreen.  The  problem  of  arcs 
caused  by  the  make  and  break  of  electrical  contacts  has  already 
been  discussed  under  dielectric  propertie?s.  Under  high  prc-ssun 
and  high  current  densities  an  electric  ar  will  cause  the  fon  i- 
tion  of  large  particles  of  carbon  and  silica.  In  some  cases 
these  particles  bridge  the  gap  between  electrical  contacts  pre¬ 
venting  complete  interruption  of  the  circuit. 

All  fluids  (hydrocarbons  and  silicones)  tested  thus  far 
under  electrical  arcing  also  produce  gaseous  decomposition 
products.  The  accumulation  of  gaseous  products  in  a  pressure 
compensator,  under  submerged  conditions,  presents  the  prob'em 
of  possible  rupture  of  compensating  chamber  walls,  or  flexible 
membranes,  on  surfacing.  Since  sizable  quantities  of  gas  have 
been  observed  under  experimental  conditions,  a  means  of  safely 
bleeding  off  gases  while  surfacing  will  be  required. 

Accurate  figures  on  the  rate  of  gas  production  under  various 
arcing  conditions  are  not  available. 

Oxidation  resistance,  arc -breakdown  resistance,  and  thermal - 
breakdown  resistance  tests  and  standards  have  not  been  developed 
to  provide  selection  criteria  for  fluids  and  lubricants. 

Fire  Resistance 


Fire  hazards  exist  in  hydraulic  systems,  air  compressor 
systems,  and  fluid-lubricated  systems  which  are  located  inside 
the  pressure  hull  of  a  submersible;  in  such  cases  care  must  be 
taken  to  eliminate  air  from  the  system  and  prevent  overheating 
to  reduce  the  fire  hazard.  Care  must  always  be  taken  to  prevent 
fire  while  draining  or  filling  any  system  using  a  combustible 
fluid.  The  low  viscosity  fluids  for  deep  submersibles  arc-  r.c 
readily  ignited  than  the  fluids  used  on  surface  ships  and  con¬ 
ventional  submarines;  greater  precautions  must  be  taken  to  pre¬ 
vent.  ignition.  Petroleum  oils  and  silicone  oils  are  both  rela¬ 
tively  easily  ignited.  Fluids  with  flash  points  below  j*O0o  F 
should  be  treated  with  extreme  care.  Suitable  published  pre¬ 
cautions  should  be  observed.  The  more  fire-resistant  fluids 
and  lubricants  are  among  the.  inert  fluids  having  densities  which 
are  too  high  for  consideration. 
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Coit  ami  Availability 


The  small  volume  and  specialized  nature  of  the  deep  ocean 
systems  have  caused  the  designers  to  consider  the  cost  factor 
of  fluids  as  secondary.  Fluid  availability  has  been  the  princi¬ 
pal  consideration.  The  petroleum-based  fluids  are  usually 
readily  available  and  procurable  in  drum  quantities  at  a  reason¬ 
able  cost.  The  specially  purified  aerospace  oils  are  moderately 
expensive,  if  and  when  fluid  cost  becomes  a  problem,  the  use  of 
the  relatively  expensive  silicone  fluids  will  have  to  be  limited 
to  critical  application.  Specially  developed  new  fluids  will 
be  expensive  due  to  high  development  and  testing  costs  and 
because  the  limited  market  for  deep  ocean  applications  at  the 
present  time  will  not  encourage  large  volume  production  and  com¬ 
petition  which  tend  to  reduce  costs. 

This  chapter  has  attempted  to  define  and  discuss  the  factors 
involved  in  the  use  of  fluids  and  lubricants  in  deep  ocean  appli¬ 
cations.  At  the  time  of  writing,  the  above  selection  and  defini¬ 
tions  of  the  critical  properties  are  those  which  appear  to  be 
the  main  factors  to  consider  in  the  selection  of  a  fluid  or 
lubrica.it  for  use  in  a  deep  ocean  application,  it  is  the  intent 
tc  revise  this  handbook  on  an  annual  basis.  When  it  is  estab¬ 
lished  that  a  new  consideration  is  needed,  it  will  be  added.  As 
items  prove  to  be  noncritical  they  will  be  deleted. 
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CHAPTER  II 

METHODS  POR  ESTABLISHING  FLUID  PROPERTIES 


The  methods  described  in  this  chapter  have  all  been  devel¬ 
oped  especially  for  the  conditions  of  deep  ocean  applications, 
and  sea-water  and  solid  contamination  anticipated  for  fluids 
and  lubricants  in  deep  ocean  equipment.  These  methods  are  in 
various  states  of  development,  and  as  yet  limits  have  not  been 
established  for  all  methods.  Ratings  in  some  cases  are  still 
on  a  comparative  basis.  Standard  methods,  such  as  those 
described  by  the  American  Society  for  Testing  and  Materials 
(ASTM),  Federal  Test  Method  Standard  No.  791a,  and  the  Society 
of  Automotive  Engineers  (SAE)  Aerospace  Recommended  practices 
(ARP),  are  not  described  in  this  chapter.  Procedures  described 
in  detail  by  other  reports  will  be  referenced  when  data  are 
presented  in  Chapter  III.  The  methods  described  in  this  chapter 
are  tentative  and  may  have  published  counterparts  which  would 
be  preferable.  The  results  of  these  methods  will  be  compared 
with  the  published  methods  in  the  future  if  any  are  found  to 
exist.  All  methods  and  data  will  be  reviewed  periodically  and 
replaced  or  updated  in  subsequent  revisions. 
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CORROSION  AND  COMPATIBILITY  PROCEDURES 
Cl.  Ambient  Pressure  Stirred  Corrosion  Procedure 


Scope  -  This  method  conducted  at  atmospheric  pressure  is  intended 
tc  measure  the  relative  protection  provided  by  fluids  and  lubri¬ 
cants  to  metals  and  alloys  used  in  deep  submergence  components 
when  exposed  to  contamination  by  seawater. 

Outline  of  Method  -  A  sample  of  oil  in  a  glass  beaker  is  brought 
to  a  predetermined  temperature  in  an  oil  bath.  Corrosion  speci¬ 
mens  isolated  from  each  other  are  mounted  on  a  metal  rod  which 
is  then  stirred  in  test  oil.  Seawater  is  added  to  the  test  oil. 
After  the  desired  exposure  period,  the  specimens  are  cleaned, 
dried,  weighed,  and  photographed  to  measure  degree  of  corrosion. 

Apparatus 

a.  The  heating  bath,  stirring  motor  and  assembly,  beaker 
and  beaker  cover  are  the  same  as  those  used  in  ASTM  (Method) 

D-665. 

b.  A  304  stainless  steel  rod,  9  1/2  inches  long  and  1/4 
inch  in  diameter,  with  4  1/2  inches  of  1/4-inch  20  threads  in 
one  end  is  substituted  for  the  ASTM  D-665  stirrer.  Stainless 
steel  nuts  (304)  (1/4-inch  20)  are  used  to  hold  specimens  on 
the  rod. 

c.  Spacers  for  specimens  shall  be  made  of  polytetraf luoro- 
ethylene  (PTFE).  They  shall  be  cut  from  1/4-inch  inside  diameter 
(ID),  3/8-inch  outside  diameter  (OD)  tubing  and  shall  be  1/8  inch 
thick. 

d.  Corrosion  specimens  shall  be  1  x  1  x  0.032  inch  with 
a  1/4-inch  hole  in  the  center.  The  specimens  shall  have  a 
finish  (before  polishing)  conforming  to  Federal  Test  Method 
Standard  No.  791a,  Method  5508.4.  The  specimen  shall  be  of 
any  alloy  or  metal  used  in  the  deep  submergence  components. 

Those  used  by  NAVSHIPRANDIAB ,  Annapolis  are  shown  in  Figure  1. 

A  typical  specimen  rod  assembly  is  shown  in  Figure  2. 
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NAVAL  SHIP  RESEARCH  AND  DEVELOPMENT  LABORATORY 


STEEL,  Stainless,  Type  516 

ALUMINUM  6061,  S pacification  QQ-A-250.11 

COPPER. NICKEL,  70>50,  Specifications 
MIL-C-15726  or  MIL-T -00/6420 

STEEL,  QQ-S-698,  Grade  1009 

ALUMINUM,  QQ -A .250 -4b 

COPPER,  QQ-C-576a 

NICKEL-COPPER,  QQ-N-281,  Class  A,  Monel  400 

BRONZE,  MIL-B-l654lA(WEP)  (1/16  inch  thick) 

PHOSPHOR-BRONZE,  QQ-B-750,  Composition  A 

SILVER  BASE  BRAZING  ALLOY,  MIL-B-15595A, 

Grade  IV 

STEEL,  Galvanized,  E lec t rodepos i t ed , 
QQ-Z-525A,  Type  II,  Class  I 

Specification  for  Items  Above 

Metal  Specimens,  1  x  1  x  0.052  inch  with  a 
1/4-inch  hole  in  center,  finish  to  conform 
to  that  given  in  Federal  Test  Method 
Standard  No.  79 la#  Method  5508.4 


Figure  1  (Cl) 
Specimens  Used 


OJ  K\  if 


NAVAL  SHIP  RESEARCH  AND 
1  -  Copper 

-  ?16  Stainless  Steel 

-  Copper-Nickel,  /O-JO 

-  Alum  intun,  00  -A  -280  -4b 

5  -  Phosphor,  Bronze 

6  -  Galvanized  Steel 


DEVELOPMENT  I A  BO RATO RY 

(  -  Steel,  100) 

8  -  Aluminum,  00-A-280-11 
0  -  Bronze 

10  -  Mone  l 

11  -  Silver  Base  Brazimj  Alloy 


Figure  2 
Typical  Specimen 


(Cl) 

Rod  Assembly 
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Materials 


a.  Naphtha  solvent  conforming  to  ASTM-D-91  method. 

b.  Freon  TF  solvent-trichlorotrifluoroethane  obtained  from 
E.  I.  du  Pont  de  Nemours  and  Company. 

c.  Aluminum  oxide  polishing  compound,  1^0  grit. 

d.  Seawater,  ASTM  D-665 • 

e.  PTFE  tape,  1/2-inch  wide,  Scotch  Brand  No.  48  obtained 
from  Minnesota  Mining  and  Manufacturing  Company. 

f.  Typewriter  brush.  Federal  Specification  H-B-00681C. 
Preparation  of  Corrosion  Specimens 

a.  Handle  specimens  with  disposable  polyethylene  gloves. 

b.  Flush  wit\  naphtha  to  remove  preservatives. 

c.  Polish  with  150  grit  aluminum  oxide  powder  on  medicinal 
cotton  wads  (do  not  polish  plated  specimens). 

d.  Make  polish  strokes  in  one  direction. 

e.  Turn  specimen  90°  and  polish  until  previous  polish 

marks  are  removed. 

f.  Brush  with  camel  hair  brush. 

g.  Use  wash  bottle  to  flush  specimens  with  jet  of  naphtha 
then  with  Freon  TF. 

h.  Air  dry  and  place  in  desiccator. 

i.  Weigh  on  semimicrobalance;  record  weight  to  0.00001  gram. 


Procedure 

a.  Place  270-ml  test  oil  in  a  clean  beaker.  Heat  in  an 
oil  bath  to  140*  F. 

b.  Clean  the  specimen  rod  with  soap  and  water,  then  with 
distilled  water  and  oven  dry  at  220*  F. 
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c.  Wrap  the  rod  with  FTFE  tape  to  insulate  from  specimens. 

d.  Assemble  specimens  as  shown  in  Figures  1  and  2.  Use 
clean  polyethylene  gloves  to  handle  specimens  and  rod.  Separate 
specimens  from  each  other  and  end  nuts  using  the  PTFE  spacers. 
Secure  with  nuts  on  both  ends. 

e.  Insert  the  rod  assembly  in  stirring  device  with  speci¬ 
mens  in  oil  and  beaker  cover  in  pl*.ce. 

f.  Stir  for  1  hour. 

g.  Add  30-ml  ASTM  D-665  seawater  while  stirring,  plug 
excess  holes  in  the  cover  with  inert  material,  such  as  glass 
plugs. 


h.  Inspect  the  fluid  level  daily  and  add  distilled  water 
to  make  up  for  losses  by  evaporation. 

i.  At  the  end  of  the  test  period  remove  specimens  and 
store  in  naphtha  prior  to  cleaning. 

j.  Clean  the  specimens  by  successive  flushes  with  naphtha 
and  brushing  with  a  naphtha -wet  typewriter  brush. 

k.  Make  a  final  flush  with  Freon  TF r  then  place  the  speci¬ 
mens  in  a  desiccator  to  condition  prior  to  weighing. 

l.  Record  weight  changes  and  changes  in  appearance  of 
specimens  by  written  descriptions  and  photographs. 
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C2.  20,000  PSIG  Pressure-Cycled  Compatibility  Procedure 


Scop*  -  This  method  is  intended  to  measure  the  effects  of  cycled, 
pressure  on  deep  submergence  fluid  compatibility  with  materials 
of  construction. 

Outline  of  Method  -  A  high-pressure  reaction  vessel,  filled 
with  a  temperature-  and  pressure -transfer  oil,  is  brought  to  a 
test  temperature  of  140*  F.  A  test  cell  consisting  of  metallic 
or  nonmetallic  compatibility  specimens  immersed  in  the  oil  being 
studied  contained  in  a  PTFE  bag  is  immersed  in  the  transfer  oil. 
The  reaction  vessel  is  closed.  The  maximum  selected  test  pres¬ 
sure  is  applied  to  test  assembly  via  the  transfer  oil  and  then 
returned  to  ambient  pressure  over  a  50-minute  cycle.  The  test 
temperature  and  pressure  cycling  are  maintained  throughout  the 
test  period  (usually  50  days).  At  the  end  of  the  test,  speci¬ 
mens  and  fluid  are  examined  for  evidence  of  physical  and  chemical 
changes  and  performance  properties. 

Apparatus 


a.  Reaction  vessel  -  The  reaction  vessel  shall  have  4-inch 
ID  and  16-inch  useful  height.  It  shall  have  a  5300-ml  capacity. 
The  top  shall  have  fluid  inlet  and  outlet  ports  and  a  thermo¬ 
couple  well. 

b.  Test  cell  -  The  fluid  specimens  are  contained  in  a 
PTFE  cylindrical  bag  (5-inch  ID,  8-inch-long)  with  504  stainless 
steel  end  closures.  (See  Figure  1.) 

c.  Specimen  holder  -  The  specimen  holder  shall  be  of  any 
design  suitable  to  hold  specimens  in  fluid  with  ample  space 
between  specimens  and  between  test  cell  wall  and  specimens.  It 
shall  be  of  504  stainless  steel.  A  typical  holder  for  metal 
specimens  is  shown  in  Figure  2. 

d.  Spacers  -  The  spacers  shall  be  made  of  either  504 
stainless  steel  or  PTFE.  They  shall  be  cut  from  1/4-inch  ID, 
5/8-inch  0D  tubing  and  shall  be  1/8  inch  thick. 

e.  Constant-temperature  bath  -  The  constant-temperature  bath 
shall  contain  MS  2190-TEP  petroleum  oil  as  the  heating  medium. 

It  shall  be  designed  to  permit  immersion  of  the  reaction  vessel 
up  to  the  lower  rim  of  the  locking  nut.  The  bath  shall  be  capable 
of  maintaining  the  vessel  and  transfer  oil  at  any  temperature 
between  100*  and  250*12*  F.  During  pressure  cycles,  the  test  oil 
temperature  varies,  for  example,  at  the  selected  pressure^  trans¬ 
fer  oil  temperature  will  vary  from  the  set  temperature  of  140*  F, 
as  the  pressure  is  released  and  applied,  from  125*  to  155*  F. 
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Pigura  1  (C2) 
Taat  Call 
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Figure  2  (C2) 

Typical  Mata 1  Specimen  Holder 
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f.  Pressure  supply  -  The  pressure  shall  be  supplied  by  a 
high-pressure  pump,  such  as  a  30,000  psig  Sprague  diaphragm  pump. 
Model  S-216-CPR-300.  All  tubing  and  fittings  shall  be  high- 
pressure  304  or  3^6  stainless  steel.  The  pump  controls  shall  be 
capable  of  linearly  cycling  the  pressure  in  the  reaction  vessel 
from  0-20,000  psig  and  back  to  0  psi  over  a  30-minute  period,  with 
a  variation  of  ±200  psig.  A  schematic  diagram  of  the  pressure 
supply  is  shown  in  Figure  3* 

g.  Recording  potentiometer  -  A  recording  potentiometer 
capable  of  recording  oil  temperatures  from  100*  to  250*±2*  F 
shall  be  used. 

h.  Specimens 

(1)  Metal  specimens  shall  be  of  any  deep  submergence 
alloy  or  metal  to  be  studied.  The  size  shall  be  1  x  1  x  0.032 
inch  with  a  1/4-inch  hole  in  the  center.  The  specimens  shall 
have  a  finish  (before  polishing)  conforming  to  Federal  Test 
Method  Standard  No.  791a,  Method  5308.4.  The  metals  used  by 
NAVS HIP RAND LAB  Annapolis  are  given  in  Figure  4. 

(2)  Nonmetallic  specimens  shall  be  of  any  deep  submer¬ 
gence  elastomer,  plastic,  or  insulating  material  contacting 
fluids  of  interest.  Where  possible,  specimens  shall  be  pre¬ 
pared  in  a  Type  C  dumbbell  shape  as  in  ASTM  D-412-66. 

Materials 

a.  Naphtha  solvent,  conforming  to  ASTM  D-91  method. 

b.  Preon  TF  solvent,  trichlorotrifluoroethane,  E.  I. 
du  Pont  de  Nemours  and  Company. 

c.  Aluminum  oxide  polishing  compound,  150  grit. 

d.  Seawater,  ASTM  D-665- 

e.  PTFE  tape,  1/2 -inch-wide,  Scotch  Brand  No.  48, 

Minnesota  Mining  and  Manufacturing  Company. 

f.  Typewriter  brush.  Federal  Specification  H-B-00681C. 

g.  Temperature  and  pressure  transfer  oil  -  MIL-L-17331, 

MS  2190-TEP. 
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A  -  Air  Driven  Puap  ( rated  30.000  paig) 
B  -  PWR  reservoir  (capacity  3  9a) Iona) 
C  -  Rupture  Assembly  (aat  22,500  pais 
D  -  Pressure  9a 9 •  (25.000  pais) 

E  -  Air  Oparatad,  Plow  Control  Valva 
(50,000  paig) 

P  -  Pneuaatic  Indicating  Controllar 
(100  pais) 

C  -  Mlcroaat  Hand  Valva 
H  -  Check -Valve  (40  pal 9  working 
praaaura) 


H'  -  Chack -Valva  (10  pa jg  working 
praaaura) 

I  -  Solenoid  Valva  (110  vac) 

J  -  Bleed-Down  Suag>  (1  quart) 

K  -  Support  Stand  ()0  *  )6  * 

40  inches) 

L  -  Heated  Oil  Bath  (20  gallona, 
140*  P.  2100-TEP) 

M  -  Reaction  Vaaaal  (3300-ml, 

rated  30,000  paig  at  125*  P) 
N  -  Thermocouple 


All  high-pressure  tubing  -  1/4-inch  00,  1/16-  or  3/?2-inch  ID,  rated 
60.000  paig. 

All  valvaa,  taaa,  elbowe  -  rated  30,000paig  (  auparprecaure) . 


Auxiliary  Equipment  (Mot  Shown) 

High-Speed  Bath  Stirrer 
Inversion  heaters  ( 1500  watts) 
Bath  Taaparatura  Control 
Recording  potentiometer 
Air  Oparatad  Cycling  Device 
Electric  Tlaer 

Air  Piltara,  Regulators,  etc 


Pi gura  3  (C2)  -  Cycling  Unit 


! 


I 
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STEEL,  Stainless,  Type  J16 

ALUMINUM  6061,  Specification  QQ -A -250 -11 

COPPER -NICKEL,  70-50,  Specifications 
MIL-C -15726  or  MIL-T -00/6420 

STEEL,  QO-S-698,  Grade  1009 

ALUMINUM,  QQ -A -250 -4b 

COPPER,  QO -C -57 6a 

NICKEL -COPPER,  QQ-N-281,  Class  A,  Monel  400 

BRONZE,  MIL-B-l654lA(WEP)  (1/16  inch  thick) 

PHOSPHOR-BRONZE,  QQ-B-750,  Composition  A 

! 

SILVER  BASE  BRAZING  ALLOY,  MIL-B-15595A, 

Grade  IV 

! 

STEEL,  Galvanized,  Electrodeposited, 
QQ-Z-525A,  Type  II,  Class  I 

Specifications  for  Items  Above 

Metal  Specimens,  1  x  1  x  0.052  inch  vith  a 
1/4-inch  hole  in  center,  finish  to  conform 
to  that  given  in  Federal  Test  Method 
Standard  No.  791«»  Method  5308.4 


Figure  4  (c2) 
Metal  Specimens  Used 
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Preparation  of  8— pi*  Con  tain*  r  and  gjgagiman  Bolder 

a.  The  PTFI  bag,  end  piece*,,  and  specimen  holder  shall  be 
successively  trashed  with  ASTM  D-91  naphtha,  scap  and  water,  and 
distilled  water;  then  oven  dried  at  140*  F. 

Preparation  of  Spec leans 

a.  Metallic  specimons  shall  be  cleaned,  polished,  and 
weighed  as  in  the  "Ambient  Pressure  Stirred  Corrosion  procedure," 
Method  Cl. 

b.  Nonmetal lie  specimens  shall  be  prepared,  cleaned,  and 
volume  measured  as  in  ASTM  D -47 1-66. 

c.  The  specimens  shall  be  attached  to  the  specimen  holder 
uo  as  to  provide  space  between  the  individual  specimens  and  also 
between  the  specimens  and  the  wall  of  test  cell  so  that  all 
parts  of  specimen  are  flooded  by  test  fluid.  Where  insulated 
metallic  specimens  are  used,  the  order  of  assembly  shall  be  as 
given  in  Method  Cl.  When  metallic  couples  also  are  to  be 
studied,  the  order  of  assembly  shall  be  as  shown  in  Method  c4 
("20,000  BIG  Stirred  Corrosion  Procedure"),  except  that  the 
insulated  specimens  shall  be  placed  on  the  specimen  holder 
above  the  coupled  specimens. 

Procedure 


a.  Bring  reaction  vessel  and  transfer  of  oil  to  test 
temperature. 

b.  Assembly  of  test  cell. 

(1)  The  PTFE  bag  is  fitted  into  the  bottom  and  top 

closures. 

(2)  The  specimen  assembly  is  inserted  into  the  bag 
through  a  removable  part  of  top  closure  placed  on  the  bag. 

(3)  The  cell  is  filled  with  825  ml  of  test  fluid 
through  the  top  port,  taking  care  to  purge  out  the  air.  The  top 
port  is  closed. 

(4)  Get  the  total  weight  of  the  test  cell.  The  test 
cell  is  again  weighed  after  the  test  period.  The  weights  are 
obtained  to  determine  whether  the  test  cell  leaked  during  the 
test. 
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c.  Place  the  test  assembly  in  the  reaction  vessel  in 
transfer  oil. 

d.  If  sea-water  contaminant  is  to  be  used,  allow  the  test 
cell  to  remain  in  the  reaction  vessel  for  1  hour.  Then  remove 
the  test  cell  from  the  reaction  vessel  and  add  seawater  through 
the  top  port.  Close  the  top  port  and  return  the  test  cell  to 
the  reaction  vessel. 

e.  Close  the  reaction  vessel,  placing  the  thermocouple  end 
at  the  top  of  the  test  cell. 

f.  Add  sufficient  additional  transfer  oil  to  finish  filling 
the  reaction  vessel  and  purging  out  the  air.  Close  the  reaction 

vessel. 

g.  Begin  pressure  cycling  and  maintain  pressure  cycling 
and  test  temperature  for  the  test  period. 

h.  At  the  end  of  the  test  period  remove  the  test  cell. 

i.  Separate  the  specimens  and  the  test  oil. 

j.  Measure  the  properties  of  the  test  oil  to  detect  changes 
(viscosity,  acid  content,  density,  metal  content,  etc). 

k.  Measure  changes  in  the  specimens. 

(1)  Clean  and  weigh  the  metal  specimens  as  in  Method  Cl 

(2)  Determine  volume,  hardness,  tensile  strength,  and 
elongation  changes  in  the  nonmetallic  specimens  as  in  ASTM  D-471- 
66. 
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C3.  20,000  PSIG  Static  Compatibility  Procedure 


Scop#  -  This  method  is  intended  to  meisure  the  effects  of  pres, 
sure  on  deep  submergence  flu id -mate rial  compatibility. 

Outline  of  Mattiod  -  A  high-pressure  reaction  vessel,  filled  with 
a  temperature-pressure  transfer  oil,  is  brought  to  a  test  temp¬ 
erature  of  140*  F.  A  teat  cell,  consisting  of  metallic  or  non- 
metallic  compatibility  specimens  immersed  in  the  oil  being 
studied  contained  in  a  PTFE  bag,  is  immersed  in  the  transfer  oil. 
The  reaction  vessel  is  closed,  and  the  test  pressure,  20,000  psig 
maximum,  is  applied  to  the  contents  of  the  reaction  vessel. 
Temperature  and  pressure  are  maintained  constant  throughout  the 
test  period.  At  the  end  of  the  test  the  specimens  and  the 
fluid  are  examined  for  evidence  of  physical  and  chemical  changes 
and  performance  properties. 

Apparatus 

a.  Reaction  vessel  -  The  reaction  vessel  shall  have  a 

3  1/2-inch  ID  and  a  12-inch  useful  height.  It  shall  have  approx¬ 
imately  a  2000-ml  capacity.  The  top  shall  have  fluid  inlet  and 
outlet  ports  and  a  thermocouple  well. 

b.  Test  cell  -  The  fluid  and  specimens  are  contained  in  a 
PTFE  cylindrical  bag  with  304  stainless  steel  end  closures  as 
shown  in  Figure  1. 

c.  Specimen  holder  -  The  specimen  holder  shall  be  of  any 
design  suitable  to  hold  specimens  in  the  fluid  with  ample  space 
between  specimens  and  between  the  test  cell  wall  and  specimens. 

It  sh?ill  be  oi  304  stainless  steel.  A  typical  holder  for  metal 
specimens  is  shown  in  Figure  2. 

d.  Spacers  -  Spacers  shall  be  made  of  either  304  stain¬ 
less  steel  or  PTFE.  They  shall  be  cut  from  1/4-inch  ID,  3/8- 
inch  OD  tubing  and  shall  be  1/8-inch-thick. 

e.  Constant-temperature  bath  -  The  constant -temperature 
bath  shall  contain  MS  2190-TEP  petroleum  oil  as  heating  medium. 

It  shall  be  designed  to  permit  immersion  of  the  reaction  vessel 
up  to  the  lower  rim  of  the  locking  nut.  The  bath  shall  be 
capable  of  maintaining  the  vessel  and  tranfer  oil  at  any  temp¬ 
erature  between  100°  and  250°±2e  F. 
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Figure  1  {C 5) 
T«at  Call 
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f.  Pwimn  supply  -  The  pressure  shall  be  supplied  by  a 
high-pressure  pump,  cuch  as  a  30,000  peig  Sprague  diaphragm  pump , 
Wo  del  8 -2 16 -C PR -300.  All  tubing  and  fittings  shall  be  high- 
pressure  304  or  316  stainless  steel.  The  pump  shall  be  capable 
of  maintaining  the  test  oil  at  0-20,000±25  psig.  A  schematic  of 
the  system  is  shown  in  Figure  3. 

g.  Recording  potentiometer  -  A  recording  potentiometer 
capable  of  recording  oil  temperatures  from  100*-250*±2*  F  shall 
be  used. 

h.  Specimens 

(1)  Metallic  specimens  shall  be  of  any  deep  submer¬ 
gence  alloy  or  metal  to  be  studied.  The  size  shall  be  1  x  1  x 
0.032  inch  with  a  1/4-inch  hole  in  the  center.  The  specimens 
shall  have  a  finish  (before  polishing)  conforming  to  Federal 
Test  Method  Standard  Ho.  791*,  Method  5308.4.  The  metals  used 
by  HAVSHIPRAHDLAB,  Annapolis  are  given  in  Figure  4. 

(2)  The  nonmetal lie  specimens  shall  be  of  any  deep 
submergence  elastosmr,  plastic,  or  insulating  material  contacting 
fluids.  Where  possible,  specimens  shall  be  prepared  in  a  Type  C 
dumbbell  shape  as  in  A STM  D -412-66. 

Materials 


a.  Naphtha  solvent,  conforming  to  ASTM  D-91. 

b.  Freon  TF  solvent,  trichlorotrif luo roe thane,  E.  i.  du 
Pont  de  Nemours  and  Company. 

c.  Aluminum  oxide  polishing  compound,  150  grit. 

d.  Seawater,  ASTM  D-665* 

e.  PTFE  tape,  1/2 -inch -wide,  Scotch  Brand  No .  48, 
Minnesota  Mining  and  Manufacturing  Company. 

f.  Typewriter  brush,  Federal  Specification  H-B-00681C. 

g.  Temperature  and  pressure  transfer  oil  MIL-L-17331, 

MS  2190-TBP. 
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-  Air  Driven  Puep  (rated  30.000  peig) 
.  Puep  Reservoir  (capacity  3  gallons) 

-  Pressure  Generator  (30.000  peig) 

11  cc) 

•  Pressure  Gage  (25.000  peig) 

-  Rupture  Assembly  Set  (22,000  peig) 

-  Fluid  Separator  (325  cc.  30,000 
psig  at  72*  P) 


Support  Stand  (30  *  36  x 
40  inches) 

Heated  Oil  Bath  (20  gallons. 
1A0*  F.  2190-TEP) 

Reaction  Vessel  (2000-ml, 
rated  30.000  psig  at  125*  P) 
Thermocouple 


All  tubing  -  1/A. inch  00,  1/16.  or  3/32-inch  ID.  rated  60,000  psig. 
All  valves,  tees,  elbows  -  rated  30.000  peig. 

All  connections  use  superpressure  fittings. 


Auxilia 


j mzur. 


t  (Hot  Shown 


High-Speed  Bath  Stirrer 

Meaersion  Heaters  ( 1500  watts  naxinua) 

Bath  Temperature  control 
Recording  Potent ioaMter 

Air  Lines,  Filters,  Pressure  Regulators,  etc 


lil 


Figure  5  (Cj)  -  20 , 000  PSIG  Static  Test  Unit 
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mv*L  snip  research  and  development  laboratory 


STEEL*  Stainless,  Type  316 

ALUMINUM  6061*  Specification  QQ -A -250 -11 

COPPER-NICKEL «  70-30.  Specifications 
MIL -C -15726  cr  MIL-T -00/6420 

STEEL*  00-8-698,  Grade  1009 

ALUMINUM,  Q0 -A -250 -4b 

COPPER*  QQ -C -576a 

NICKEL-COPPER,  QQ-N-281*  Class  A,  Monel  400 

BRONZE,  MIL-B-16541A(MEP)  (1/16  inch  thick) 

PHOSPHOR-BRONZE ,  QQ-B-750,  Composition  A 

SILVER  BASE  BRAZING  ALLOY,  MIL-B-15395A. 

Grade  iv 

STEEL,  Galvanized,  Electrodeposited, 
QQ-Z-325A,  Type  II,  Class  I 

Specifications  for  I  tests  Above 

Metal  Specimens,  1  x  1  x  0.032  inch  with  a 
1/4-inch  hole  in  center,  finish  to  conform 
to  that  given  in  Pederal  Test  Method 
Standard  Ho.  791*.  Method  5j08.4 


Figure  4  (C3) 

Metal  Specimens  Used 
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Preparation  of  Sample  Conta  Inar  and  Sgecimen  Holdr 


a.  Tha  PTFB  bag.  and  piacaa.  and  specimen  holder  shall  be 
washed  with  A6TM  D-91  naphtha,  soap  and  water,  distilled  water, 
and  oven-dried  at  140*  F. 

Preparation  of  Specimens 

a.  Metallic  specimens  shall  be  cleaned,  polished,  and 
weighed  as  in  "Ambient  Pressure  Stirred  corrosion  Procedure," 
Method  Cl. 

b.  Nometallic  specimens  shall  be  prepared,  cleaned,  and 
voIusm  measured  as  in  ASTM  Method  D -47 1-66. 

c.  The  specimens  shall  be  attached  to  the  specimen  holder 
so  as  to  provide  space  between  specimens,  and  between  the  speci¬ 
mens  and  the  wall  of  the  test  cell  so  that  all  parts  of  the 
specimen  are  flooded  with  the  fluid.  Where  insulated  metallic 
specimens  are  used,  the  order  of  assembly  shall  be  as  given  in 
Method  Cl.  When  metallic  couples  also  are  to  be  studied  the 
order  of  assembly  shall  be  as  shown  in  the  "20,000  Stirred 
Corrosion  Procedure,"  Method  c4,  except  that  the  insulated!  speci¬ 
mens  shall  be  placed  on  the  specimen  holder  above  the  coupled 
specimens. 

Procedure 


a.  Bring  reaction  vessel  and  transfer  oil  to  test  tempera¬ 
ture. 

b.  Assembly  of  test  cell. 

(1)  Pit  PTFE  bag  into  the  bouto.-;  and  top  closures. 

(2)  Insert  the  specimen  assembly  into  the  bag  through 
resrovable  part  of  the  top  closure  placed  on  the  bag. 

(3)  Fill  the  cell  with  325  ml  of  test  fluid  through 
the  top  port,  taking  care  to  purge  out  the  air.  Close  the  top 
port. 

(4)  Determine  the  total  weight  of  the  test  cell.  This 
is  done  to  determine  if  the  cell  leaks  during  test.  The  test 
cell  weight  is  again  measured  after  the  test  period. 
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c.  Place  the  tut  assembly  in  the  reaction  vessel  in 
transfer  oil. 

d.  If  sea -water  con tea inant  is  to  be  used,  allow  the  test 
cell  to  remain  in  the  reaction  vessel  for  1  hour.  Then  remove 
the  test  cell  frcn  the  reaction  vessel  and  add  seawater  through 
the  top  port.  Close  the  top  port  and  return  the  test  cell  to 
the  reaction  vessel. 

e.  Close  the  reaction  vessel,  placing  the  thermocouple  end 
at  the  top  of  the  test  cell. 

f.  Add  sufficient  additional  transfer  oil  to  fill  the 
reaction  vessel  and  purge  out  the  air  and  close  the  vessel. 

g.  Bring  the  system  to  test  pressure.  Maintain  constant 
pressure  and  temperature  throughout  the  test. 

h.  At  the  end  of  the  test  period  remove  the  test  cell  from 
the  reaction  vessel  and  separate  the  specimens  and  the  test 
fluid. 


i.  Measure  the  properties  of  the  test  fluid  to  detect 
changes  (viscosity,  acid  content,  density,  metal  content,  etc). 

j.  Measure  changes  in  the  specimens. 

(1)  Clean,  weigh,  and  photograph  the  specimens  as  in 
Method  C2  ( "20.000  PSIG  Pressure -Cycled  Compatibility  Procedure'  )  . 

(2)  Determine  the  volume,  hardness,  tensile  strength, 
and  elongation  changes  in  the  nonmetal lie  specimens  as  in 
ASTM  D -471-66. 
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C4.  20*000  MIG,  Stirred  Corrosion  procedure 


Scops  -  This  method  is  intended  to  measure  the  relative  protec¬ 
tion  provided  to  metals  and  alloys  used  in  deep  submergence 
equipment  upon  contamination  with  seawater  at  high  ambient 

pressures . 

Outline  of  Method  -  A  sample  of  teat  oil  is  brought  to  a  pre¬ 
determined  temperature  in  a  high-pressure  reaction  vessel.  A 
weighed  metal  specimen  assembly  is  immersed  in  the  oil,  and  the 

stirrer  blade  and  vessel  cover  are  fitted  onto  the  vessel. 

After  stirring  for  a  1-hour  conditioning  period,  the  desired 
amount  of  sea-water  contaminant  is  added  to  the  oil.  The  desired 
test  pressure  is  applied  to  the  vessel  contents.  The  test  temp¬ 
erature,  pressure,  and  stirring  are  maintained  for  a  predeter¬ 
mined  reaction  period  (usually  50  days).  Ths  specimen  assembly 
is  removed  from  the  vessel.  The  specimens  are  cleaned,  weighed, 
and  photographed. 

Apparatus 

a.  Reaction  vessel  -  The  reaction  vessel  shall  have  a 

5  5/8-inch  ID  and  a  13-inch  useful  height.  It  shall  have  a 

2100-ml  capacity  and  be  made  of,  or  completely  lined  with,  a 
corrosion  resistant  alloy,  such  as  Hastelloy  C.  The  stirrer 
shall  have  a  speed  of  1000±50  rpm.  The  vessel  cover  shall  have 
fluid  inlet  and  outlet  ports,  thermocouple  well,  and  blowout  disk 
assembly. 

b.  Specimen  holder  -  The  specimen  holder  shall  be  of  304 
stainless  steel  and  of  a  configuration  so  that  up  to  50  speci¬ 
mens  are  held  between  stirrer  and  wall.  Figure  1  shows  a 
typical  holder  and  specimen  array. 

c.  Constant-temperature  bath  -  The  constant -temperature 
bath  shall  contair  MS  2190 -TEP  petroleum  oil  as  a  heating  medium. 
It  shall  be  designed  to  permit  the  immersion  of  the  reaction 
vessel  up  to  the  lower  rim  of  the  locking  nut.  The  bath  shall 
be  capable  of  maintaining  the  test  oil  at  any  temperature 
between  100°-?50o±2o  F. 

d.  Pressure  supply  -  The  pressure  shall  be  supplied  by  a 
high-pressure  pump,  such  as  a  30,000  peig  Sprague  diaphragm  pump. 
Model  S-216-CPR-300.  All  tubing  arvd  fittings  shall  be  high- 
pressure  304  or  jl6  stainless  steel.  The  pump  shall  be  capable 
of  maintaining  test  oil  at  0-20,000125  psig.  A  diagram  of  the 
system  is  shown  m  Figure  2. 
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NAVAL  SHIP  RESEARCH  AND  DEVELOPMENT  I  LABORATORY 


Figure  1  (c4) 

Soec  iTT’.er.  Holder  and  Specimens 
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NAVAL  SHIP  RESEARCH  AIT)  DEVEl-UPMEUT  LABORATORY 


A  -  Air  Driven  Pump  ( rated  30,000  palg) 

B  -  Pump  Reaetvoir  (capacity  ?  qa Ilona) 

C  -  praaaura  Generator  ( 30,000  paig,  ,11  cc) 
D  -  Praaaura  Qr.qa  ( 29,000  pciq) 

E  -  Rupture  Aaaembiy  Sat  (if?, 000  palg) 

P  .  Pluld  Separator  (329  cc,  30,000  paly  at 

{?•  r) 

G  .  Support  Stand  (30  x  36  x  40  lnchaa) 


It  -  Maa  ad  Oil  Bath  ( PO  gal  l',na,  i '40 
;>HC  .TEP) 

1  .  React  tun  Veaael  (, '100-mi, 
rat*d  50,000  i»mq  at  l;  V  r) 

J  .  Thermocouple 

K  -  Marine  Propel lar 

L  -  Parmaitant  Uaqnet  ic  Drlvo 


All  tubing  -  1/4-inch  00,  1/16.  or  3/32-inch  ID,  rttf  i  60,000  pa iq. 
All  valvaa,  taaa,  elbowa  -  rated  30,000  paiq. 

All  connectiona  uaa  auparprosaura  fittings. 


Auxiliary  Equipment  (Not  Shown) 

High-Spied  Bath  Stirrer 

Immersion  Heaters  (1900  watte  maximum) 


Bath  T«aperature  Control 
Recording  Potentiometer 


Figure  2  (c4)  -  Stirred  Reaction  Versel  for  20,000  PSIG 


e.  *»oordlng  pota  ntlome ttt  -  A  recording  potentiometer 
anpabla  of  recording  oil  t  temperatures  of  100*-250*i2*  P  shall 

be  um4, 

*♦  Corrosion  specimens  -  Tha  corrosion  specimens  shall  be 
1  x  1  x  0.65te  inch  with  a  1 A -inch  hole  in  the  center.  The 
epee  fawn  shall  have  a  finish  (before  polishing)  conforming  to 
federal  Test  Method  Standard  Ho.  791a,  Method  5208.4.  The  speci¬ 
mens  shall  be  of  any  deep  submergence  alloy  or  metal  to  be 
studied.  Those  used  by  NAVSHIPRAMDLAB  Annapolis  are  shown 
below. 

(1)  STEEL,  Stainless,  Type  216. 

(2)  ALUMINUM  6061,  Specification  QQ -A -250 -11 

(2)  COPPER-NICKEL,  70-20,  MIL-C-15726  or  MI L-T -00/6420. 

(4)  STEEL,  QQ-S-698,  Grade  1009- 

(5)  ALUMINUM,  QQ -A -250 -4  b. 

(6)  COPPER,  QQ-C-576a. 

(7)  NICKEL -COPPER,  QQ-N-281,  Class  A,  Monel  400. 

(8)  BRONZE,  MIL-B.-16541A(WEP)  ( 1/16 -inch-thick) . 

(9)  PHOSPHOR-BRONZE,  QQ-B-750,  Composition. 

(10)  SILVER  BASE  BRAZING  ALLOY,  MIL-B-15295A,  Grade  IV. 

(11)  STEEL,  Galvanized,  Electrodeposited,  QQ-Z-225A, 

Type  II,  Class  I. 

A  typical  order  of  assembly  of  electrically  coupled  and  insula¬ 
ted  specimens  is  shown  in  Figure  2* 

g.  Spacers  -  Spacers  for  specimens  shall  be  made  of  204 
stainless  steel  and  of  PTFE.  They  shall  be  cut  from  1/4-inch 
ID,  2/8-inch  OD  tubing  and  shall  be  1/8 -inch -thick. 


NAVAi,  SHIP  R  PS  PARCH  AND  DPVFl.OPMPNT  IJU'.DKATOH  V 


(1)  304  STAINLESS  STEEL  WASHERS  USED  FOR  COUPLING  COUPONS 

(2)  POLYTETRAFLUOROETHYLENE  WASHERS  USED  FOR  INSULATION 

(3)  SPECIMENS  IN  SAME  ORDER  AS  OTHER  ROD 


Figure  5  ( )  -  Specimen  Assembly  for  Stirred  Corrosion  Test 


Materials 


a.  Naphtha  solvent  -  conforming  to  ASTM  D-91. 

b.  Preon  TP  solvent  -  trichlorotrif luoroethane,  E.  I.  du 
Pont  de  Nemours  and  Company. 

c.  Aluminum  oxide  polishing  compound,  150  grit. 

d.  Seawater  ASTM  D-665. 

e.  PTPE  tape,  1/2-inch-wide,  Scotch  Brand  No.  48, 

Minnesota  Mining  and  Manufacturing  Company. 

f.  Typewriter  brush,  Federal  Specification  H-B-00681C. 
Preparation  of  Apparatus 

a.  Piping  and  connections  shall  be  drained  free  of  oil. 

b.  The  internal  surfaces  of  the  reaction  vessel  shall  be 
wiped  clean  with  lint  free  rags. 

c.  The  vessel  shall  be  filled  with  test  oil  and  stirred 
for  1  hour,  then  drained  free  of  oil. 

d.  Repeat  a.,  b.,  and  c.  two  additional  times. 

e.  Drain  and  fill  with  test  oil. 

Preparation  of  Corrosion  Specimens 

a.  Handle  specimens  with  disposable  polyethylene  gloves. 

b.  Flush  with  naphtha  to  remove  preservatives. 

c.  Polish  with  150  grit  aluminum  oxide  powder  on  medicinal 
cotton  wads  (do  not  polish  plated  specimens). 

d.  Make  polishing  strokes  in  one  direction. 

e.  Turn  specimen  90°  and  polish  until  previous  polishing 
marks  are  removed. 

f.  Brush  with  camel  hair  brush. 

g.  Use  wash  bottle  to  flush  specimen  with  jet  of  naphtha, 
then  a  jet  of  Freon  TF. 
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h.  Air  dry  and  place  in  desiccator. 

i.  Weigh  on  semimicrobalance,  record  weight  to  0.00001 

«n». 

Preparation  of  Specimen  Holder  and  Spacers  -  Specimen  holder 
ana  spacers  a Kail  be  cleaned  with  naphtha,  soap  and  water, 
diatilled  water  and  then  oven-dried  at  litC*  F. 

Procedure 

a.  Assembly  of  specimsns  -  Handle  the  specimens  and  speci¬ 
men  rack  with  polyethylene  gloves.  Wrap  the  1/4-inch  specimen 
rack  and  rods  with  PTFE  tape  to  insulate  from  the  specimens. 

Place  the  specimens  on  rods  in  desired  order.  Use  two  PTFE 
spacers  to  prevent  electrolytic  contact  between  the  specimens, 
or  use  two  stainless  steel  spacers  to  form  electrolytic  couples 
between  the  specimens.  Order  of  assembly  is  shown  in  Figure 

b.  Add  the  test  oil  to  the  reaction  vessel.  (The  reaction 
vessel  remains  in  constant  temperature  bath  at  all  times.)  After 
the  test  oil  is  at  desired  temperature,  soak  the  specimen  assembly 
in  the  reaction  vessel  for  1  hour  and  securely  close  the  reaction 

vessel. 

c.  Attach  the  specimen  assembly  to  the  cover.  Add  the 
desired  amount  of  seawater.  Lower  the  cover  into  the  vessel. 

d.  Bleed  off  the  air  from  the  reaction  vessel  by  pumping 
in  excess  oil. 

e.  Close  the  valves,  pressurize  the  system,  and  start  the 
stirrer. 

f.  The  stirrer  may  be  operated  continuously  or  intermit¬ 
tently,  as  desired. 

g.  At  the  end  of  the  test  period  the  pressure  is  released 
and  the  specimen  assembly  is  removed.  The  specimens  are  stored 
in  naphtha  prior  to  cleaning. 

h.  The  specimens  are  cleaned  by  successive  flushes  with 
naphtha  and  brushing  with  a  naphtha -wet  typewriter  brush. 
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i.  k  final  flush  with  Preon  TP  is  Bade,  than  the  specimens 
•re  placed  in  a  desiccator  and  weighed  to  obtain  the  9ain  or 
loss  due  to  corrosion. 

j.  Record  of  changes  in  the  weight  and  the  appearance  of 
specisMin  is  made  by  written  notes  and  photographs. 
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iMM  -  ft&ft  Mtted  is  intended  tO  MUbllth  the  ability  of  a 
81*141  to  promt  corrosion  whan  contaminated  with  seswater  under 
conditions  of  intermittent  agitation. 

Outline  of  Method  and  Apparatus  -  Tha  astm  d-665  method  and 
apparatus  is  <551  accept as  described  below.  An  A8TM  D-665# 
doable -Made  stirrer,  paragraph  9b,  is  used.  The  specimen  is 
polished  and  attached  to  tha  holder  using  a  1/16-inch-thick , 
l/i-inch-diSMtir  PTFB  gasket  between  specimen  shoulder  and 
bolder.  After  the  30-minute  soaking  period,  150  ml  of  tha 
300-sal  fluid  sample  is  r served  and  150  ml  off  seawater  is  added, 
fbs  seawater  ie  added  dzopwise  from  a  burette  while  stirring. 

The  burette  top  is  just  above  the  surface  of  the  fluid.  The 
seawater  shall  be  added  within  30  minutes.  The  oil  and  water 
sample  is  stirred  for  15  minutes,  once  every  24  hours.  After 
the  first  24  hours  the  specimen  is  observed  for  rusting  and  the 
fluid-water  emulsion  examined  for  stability;  it  is  then  examined 
twice  weekly  during  the  test  period.  Distilled  water  is  added 
at  theee  times  to  make  up  for  water  lost  by  evaporation.  The 
test  period  is  30  days.  Quadruplicate  determinations  will  be 
made.  A  fluid  ie  considered  to  have  satisfactory  rust  protection 
if  three  out  of  four  specimens  show  no  rust  and  no  more  than 
light  rust  is  observed  on  the  fourth  specimen  after  30  days. 


ELECTRICAL  PROPERTY  MEASUREMENT  PROCEDURES 


Methods  of  datemining  dielectric  properties  of  fluids  at 
temperatures  as  low  as  28*  P  and  pressures  up  to  20,000  psig, 
particularly  as  they  are  affected  by  seawater  and  carbon  con¬ 
tamination,  have  not  baen  fully  developed.  The  following  test 
methods,  El  through  EJ ,  are  performed  at  room  temperature  and 
atmospheric  pressure  and  are  expected  to  give  a  good  first 
approximation  of  the  properties  being  measured.  As  these  methods 
are  improved  and  high  pressure  methods  are  developed  they  will  be 
added. 
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II.  »— istivity 

>oog»  -  This  method  is  lntsndsd  to  measure  the  insulating  char- 
actaristics  of  a  fluid.  It  dataminss  tha  valua  of  resistivity 
of  a  fluid. 

Outllna  of  Method  and  Apparatus  -  JU5TM  Nathod  D1169  is  usad 
except  as  notad  balow.  Tha  fluid  sample  is  piacad  in  a  tast 
oall  and  rasistivity  measured  with  a  Ganaral  Radio  Typu  1644a 
megohm  bridge  or  aquivalant.  Tha  tast  cell  may  be  any  one  of 
three  calls  described  in  figure  2#  3#  or  h  of  tha  appendix  to 
A81M  D1169  (Specific  Resistance  of  Electrical  insulating  Liquids). 
Tha  temperature  of  tha  fluid  is  held  between  65* -85*  P  and 
preferably  77*2*  P.  Rasistivity  is  recorded  as  ohm -cm  at  *F. 

A  tentative  standard  of  acceptable  resistivity  for  dielectric 
fluids  has  bean  set  at  3*0  x  10* 1  ohm -cm .  minimum. 
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E2.  Dissipation  Factor 


Scops  -  This  method  is  intended  as  a  measure  which  will  be 
useful  in  predicting  decreases  in  the  efficiency  of  fluid 
immersed  electrical  equipment  due  to  electrical  energy  losses 
through  a  fluid  in  an  electric  field  in  a  nonsinusoidal  a-c 
syste*«.  Specifically,  the  method  measures  the  loss  angle  of  a 
fluid  filled  cell  on  a  capacitance  bridge. 

Outline  of  Method  and  Apparatus  -  The  fluid  sample  is  placed  in 
a  test  ceil  of  the  type  referred  to  under  Test  Me^od  El, 
"Resistivity".  Dissipation  factor  is  measured  with  a  General 
Radio  Type  1615  or  1617  capacitance  bridge  or  the  equivalent  of 
either  or  these.  The  temperature  of  the  fluid  is  held  between 
65* -85°  P  and  preferably  77±2°  F.  Dissipation  factor  is 
recorded  as  percent  at  °F.  A  tentative  standard  of  acceptable 
dissipation  factor  for  dielectric  fluids  has  been  set  at  5*0$, 
maximum. 
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13.  Dielectric  Bfikdown  Voltage 


Scop#  .  This  method  it  inttndtd  to  measure  the  ability  of  a 
FluTJJ  to  withstand  electrical  strata.  It  deterainet  the  voltage 
at  which  breakdown  occurs  between  two  electrodes  under  prescribed 
conditions. 

Outline  of  Method  and  Apparatus  -  ASTM  d877  is  used,  with  the 
following  exceptions! 


( i 


a.  The  electrode  spacing  is  0.050*0.001  inch. 

b.  Voltage  rise  rate  is  600  volts  per  second  ±20%. 

c.  Five  separate  readings  are  taken  on  the  same  sample, 
with  a  "^-minute  wait  between  readings.  The  result  is  reported 
as  the  average  of  the  five  readings,  in  kilovolts. 

d.  The  temperature  of  the  fluid  sample  should  be  between 
65* -85*  F  and  preferably  77±2*  F.  The  temperature  of  the  fluid 
is  recorded.  A  convenient  single  package  instrument  for  this 
test  is  a  Model  4507  "Oil  Testing  Hypot"  manufactured  by 
Associated  Research,  Incorporated,  Chicago,  Illinois.  A  tenta¬ 
tive  standard  of  acceptable  dielectric  breakdown  voltage  for 
dielectric  fluids  has  been  set  at  15.0  kv,  minimum,  at  a  0.05- 
inch  electrode  gap. 
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e4.  Stability  of  S— water  -  Fluid  Emulsions 


Scope  -This  mat hod  dascribaa  a  procedure  for  determining  the 
atability  of  water  diaperaed  in  a  pressure-compensating  fluid  in 
order  to  eatimate  fluid  utility  for  electrical  equipment  service. 

Outline  of  Method  -  Oil  (100  ml)  and  synthetic  seawater  (10  ml) 
are  stirred  for  15  minutes  and  transferred  to  a  100-ral  graduated 
cylinder.  The  time  required  for  separation  of  synthetic  sea¬ 
water  from  the  compensating  fluid  is  recorded. 

Apparatus 

a.  Beaker,  250  ml. 

b.  Mechanical  stirrer  as  described  in  ASTM  Dl-»f9  or 
equivalent. 

c.  Buret,  25  ml. 

d.  Cylinder,  graduated,  100  ml  in  1-ml  increments. 

e.  Volt-ohmmeter  capable  of  measuring  1  megohm  and  less. 
Procedure 


a.  Measure  100  ml  jf  the  test  fluid  into  a  250-ml  beaker. 

b.  Add  10  ml  of  synthetic  seawater  (SSW),  prepared  accord¬ 
ing  to  ASTM  D665  (IP  135) »  drcpwise,  with  stirring. 

c.  Stir  the  mixture  vigorously  with  a  mechanical  stirrer, 
for  15  minutes. 


d.  Stop  the  mixing  and  transfer  the  mixture  immediately 
to  a  100-ml  graduated  (yj.ass)  cylinder.  This  latc-*r  step  should 
require  about  10-20  seconds.  (At  this  point  the  mixture  may 
have  completely  separated  into  two  layers,  or  it  may  be  a  milky 
emul? ion. ) 


e„  The  time  require  for  separation  of  a  small  quantity 
(1/2  ml  or  less)  of  SSW  is  now  measured  as  follows:  Two  bare 
1/16 -inch-diameter  copper  wires,  connected  to  a  voit-ohmmeter , 
are  inserted  into  the  graduated  cylinder,  touching  the  bottom 
of  the  cylinder.  The  wires  are  kept  1/4  to  1/2  inch  apart. 
Separation  of  SSW  is  indicated  when  resistance  across  the  wires 
drop  to  less  than  0.1  megohm. 
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f.  Stability  of  the  emulsion  is  recorded  as  the  time 
required  for  the  separation  of  synthetic  seawater,  as  describe 
in  e.  The  fluid  is  classified  according  to  time  required  for 
separation.  A  tentative  standard  is  as  follows: 


Time  Required  for 
Classification  Water  Separation 


A.  Suitable  for  use  with  ^  minutes  or  more 

motors 

B.  Questionable  for  use  1_5  minutes 

with  motors 

C.  Unsuitable  for  use  with  <1  minute 

motors 

D.  Suitable  for  contactors,  No  emulsion  stability 

switches,  etc  requirement 


i 
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E*}.  Changes  in  Dielectric  Properties  penult  ing  !  n,m  Sea -Wat >  i 
Contain  inat  ion 

Scope  -  This  method  describes  tiie  piepaiut  ion  m  samples  to 
determine  the  effect  of  sea-water  contamination  on  the  elect  11. 
properties  of  fluids  as  determined  by  Methods  El,  K2,  am)  E 3 . 

Ov.t  Line  of  Method  -  The  methods  desci  1  bod  in  id,  IT, ■ ,  and  !  - 
used  to  measure  the  changes  in  dielect  t  ic  piopeit  ics  bidij'.i  .n 
by  contamination  with  SSW.  The  effects  oi  three  concent  rat  ions 
0.1$,  0.5$,  and  2.0$,  are  measured. 


Procedure 


a.  0.1^  SSW  -  To  400  ml  of  the  test  fluid,  0.4  ml  of  SSW 
is  added  dropwise,  with  stirring.  The  mixture  is  stirred  vigoi 
ous.ly  with  a  mechanical  stirrer  ( ASTM  Dl4/0 )  for  11;  minutes, 
then  it  is  allowed  to  stand  for  5  minutes.  The  required  sample 
is  carefully  poured  (to  avoid  pouring  out  any  settled  water) 
into  the  appropriate  test  cell.  Resistivity  and  dissipation 
factor  are  measured  per  Test  Methods  El  and  E2.  The  sample  is 
then  recombined  with  the  remaining  portion  and  the  mixture  is 
stirred  vigorously  for  5  minutes  more.  A  100-ml  sample  is 
removed,  and  dielectric  breakdown  voltage  is  measured  per  Test 
Procedure  E3-  The  100-ml  sample  is  then  discarded. 

b.  0.5$  SSW  -  The  procedure  of  a.  is  repeated,  except  add 
1.2  ml  of  SSW  to  the  300  ml  of  liquid  remaining  from  a. 

c.  2.0$  SSW  -  The  procedure  of  a.  is  repeated,  except  add 
3.0  ml  of  SSW  to  the  200  ml  of  liquid  remaining  from  a. 

Results  are  reported  as  resistivity,  dissipation  factor, 
and  dielectric  breakdown  voltage  at  the  three  levels  of  SSW 
contamination . 
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E6.  Changes  in  Dielectric  Properties  Resulting  from  Carbon 
Contaminat ion 

Scope  -  This  method  describes  the  preparation  of  samples  to 
determine  the  effect  of  fluid  contamination  by  finely  divided 
carbon  on  the  electrical  properties  as  deteirined  by  Methods  El, 
E2,  and  E3 • 

Outline  of  Method1-  -  The  methods  described  in  El,  E2,  and  E3  are 
used  to  measure  the  changes  in  dielectric  properties  brought 
about  by  contamination  by  finely  divided  carbon  which  simulates 
brush  wear  or  fluid  degradation.  The  effects  of  three  concen¬ 
trations,  0.1$,  0.25$,  and  0.50$,  are  measured. 

Procedu re 


a.  0.1$  carbon  -  To  250  ml  of  test  fluid  is  added  0.025 
gram  of  "Eagle"  brand  lamp  black,  manufactured  by  Columbian 
Carbon  Company,  New  York,  New  York,  while  stirring  (ASTM  D1479 
stir  er) .  After  all  the  lampblack  has  been  wetted  by  the  fluid, 
stirring  is  continued  vigorously  for  15  minutes.  Resistivity, 
dissipation  factor,  and  dielectric  breakdown  voltage  are  measured 
on  the  test  mixture.  The  sample  used  for  the  dielectric 
measurements  (approximately  100  ml)  is  recombined  with  the 
remaining  material  prior  to  Step  b. 

b.  0.25$  carbon  -  To  the  250-ml  mixture  of  Step  a., 
0.0375-gram  additional  lampblack  is  added,  with  stirring,  and 
stirring  is  continued  for  15  minutes.  The  procedure  of  Step  a. 
is  then  repeated. 

c.  0.50$  carbon  -  Additional  lampblack  (0 .0625 -gram)  is 
auded  and  Step  b.  repeated. 

Results  are  reported  as  resistivity,  dissipation  factor, 
and  dielectric  breakdown  voltage  at  the  three  levels  of  carbon 
contamination. 
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E7.  Effects  of  Electrical  Arcing  on  Fluids 


Scope  -  Tbs  method  determines  the  ability  of  a  fluid  to  with¬ 
stand  the  effects  of  electric  arc  discharge. 

Outline  of  Method  -  The  fluid  is  subjected  to  a  series  of  arcs 
at  a  specified  rate,  and  the  electrical  properties  are  measured 
by  Methods  El,  E2,  and  E3>  to  determine  fluid  property  changes. 

Apparatus  -  In  addition  to  the  apparatus  required  for  Methods 
E1-E3,  the  following  are  required: 

a.  Guardian  Manufacturing  Company  Type  2110V  double-pole/ 
single-throw,  normally  open  (D.P.S.T.,  N.O.)  relay  with  silver 
cadmium  contacts. 

b.  Millipore  membrane  filter,  diameter  47 -mm  pore  size 
0.8-micrometer  or  equivalent  ,  as  described  in  S/  E  Aerospace 
Recommended  Practice,  ARP  785* 

c.  Power  supply,  90-volt  open  circuit,  10-ampere  closed 
circuit. 

d.  Counter  capable  of  recording  50,000  operations. 
Procedure 


a.  The  testing  is  carried  out  with  a  Guardian  Manufacturing 
Company  Type  2110V  D.P.S.T.,  N.O.  relay  having  silver-cadmium 
contacts.  The  outer  covering  of  the  coil  and  the  adhesive 
material  are  first  removed  and  the  coil  recoated  with  RTV  sili¬ 
cone  rubber,  to  minimize  interaction  with  the  test  fluid. 

b.  The  cleaned  relay  is  immersed  in  400  ml  of  the  test 
fluid  at  the  desired  test  temperature.  The  fluid  is  subjected 
to  50,000  arcs  (1  arc  =  1  make  +  1  break  of  the  contacts)  under 
a  primarily  resistive  load  with  an  open-circuit  voltage  of 

90  volts  and  a  closed-circuit  current  of  10  amperes.  The  rate 
of  arcing  is  5  to  10  arcs  per  minute.  If  the  contacts  fail,  as 
indicated  by  arcing  when  closed,  before  50,000  operations,  they 
must  be  replaced. 

c.  The  following  are  measured  and  reported  as  indicated: 

(1)  Resistivity,  dissipation  factor,  and  dielectric 
breakdown  voltage  (see  Test  Methods  E1-E5)  initially  and  after 
50,000  arcs. 
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(?)  The  amount  ct"  solid  products  generated  is  measured 
gravimetric ally  by  the  method  described  in  SAE  Aerospace  Recom¬ 
mended  Practice,  ARP  785.  The  weight  is  reported  in  milligrams 
in  total  sample. 

(3)  The  measurements  of  (1)  are  repeated  on  the 
filtered  fluid. 

NOTE:  This  test  is  to  be  revised  when  more  experience  ir>  gainec 

at  higher  current  values. 
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E8.  Life  of  contacts  in  the  Fluid  under  Pressure 


Scope  -  This  method  determines  the  effect  of  fluid  immersion  on 
relay  contacts  subjected  to  high  pressure. 

Outline  of  Method  -  A  relay  is  operated  immersed  in  fluid  under 
moo  ps  i  pressure  to  the  point  of  failure  of  the  electrical 
contacts . 

Apparatus  -  In  addition  to  the  apparatus  required  for  Method  E7 , 
the  following  will  be  required: 

a.  Cylindrical  PTFE  or  polyethylene  container  capable  of 
containing  relay  immersed  in  fluid. 

b.  Pressure  vessel  to  pressurize  fluid  and  relay  to  6000 
psi  with  electrical  connections  for  relay  operation  under 
pressure. 

c.  Counter  to  record  number  of  cycles  to  failure. 

d.  Power  supply  capable  of  50  volts  open  circuit, 

10  amperes  closed  circuit. 

procedu  re 


a.  The  test  device  used  is  the  same  as  that  described 
under  Method  E7,  a.  The  relay  is  mounted  inside  a  test  cell 
having  a  cylindrical  thin  PTFE  or  polyethylene  wall.  The  volume 
of  fluid  used  is  not  critical. 

b.  The  test  cell  is  pressurized  to  6000  psi.  Arcing  is 
then  carried  out  a  rate  of  five  to  ten  operations  (makes  and 
breaks)  per  minute,  to  the  failure  point.  A  primarily  resistive 
load  is  used,  with  an  open-circuit  voltage  of  50  volts  and  a 
closed-circuit  current  of  10  amperes.  Failure  normally  occurs 
by  a  buildup  of  solid  products  between  contact  surfaces,  pre¬ 
venting  circuit  interruption  when  contacts  are  in  che  open 
position. 


c.  Since  contact  life  varies  randomly  over  a  wide  range  a 
minimum  of  ten  tests  is  desirable  and  the  spread  as  well  as  the 
average  value  are  to  be  eported. 

NOTE:  This  test  is  to  be  revised  when  more  experience  is  gained 

at  higher  currents  and  higher  pressures. 
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CHAPTER  ill 


FLUID  AND  LUBRICANT  PROPERTY  VALUES,  APPLICATIONS  AND  LIMITATIONS 

This  chapter  provides  available  physical  and  chemical  prop¬ 
erties  of  fluids,  suggested  applications,  and  possible  limita¬ 
tions  ot  fluids  for  deep  submergence  vehicles.  Where  known,  the 
estimated  fluid  cost  is  given.  The  tables  have  been  prepared  to 
provide  for  the  addition  of  properties,  when  available,  and  of 
other  fluids  as  they  become  known  and  applications  warrant. 

The  possible  limitations  are  given  as  a  warning  so  that 
particular  attention  will  be  focusel  on  any  fluid  property  weak¬ 
ness.  These  limitations  are  based  on  general  use  of  the  fluid 
for  all  types  of  applications  in  a  deep  ocean  environment. 

Careful  design  and  selection  of  system  components  may  per¬ 
mit  the  use  of  a  fluid  or  lubricant  which  would  be  unacceptable 
by  the  usual  standards.  This  handbook  does  not  consider  the 
exceptions,  but  rather  states  the  limitations  as  a  warning.  If 
a  designer  is  compelled  by  circumstances  to  create  an  excep¬ 
tion,  these  warnings  should  show  where  the  design  effort  must 
be  directed. 

Tentative  guidelines  for  suggested  fluid  uses  and  possible 
fluid  limitations  have  been  developed.  They  are  based  on  the 
combination  of  application  requirements,  equipment  develop¬ 
ments,  laboratory  measurements  of  fluid  properties,  and  field 
experience „ 

In  systems  with  moving  parts,  the  fluid  depth  capability 
is  that  at.  which  pressure  or  temperature  effects  cause  the  vis¬ 
cosity  to  exceed  100  centistokes . 

Fluid  lubricating-ability  criteria  are  based  on:  ( l)  wear- 
test  and  rolling-contact/fatigue-test  performance,  (2)  known 
viscometric  characteristics,  and  (3)  known  performance  in  opera¬ 
ting  equipment. 

Corrosion  protection  is  based  on  laboratory  and  field  evi¬ 
dence  of  inertness  of  system  ferrous  and  nonferrous  metals,  with 
and  ,rithout  sea-water  contamination. 

The  limiting  density  for  fluids  in  deep  submergence  vehicle 
applications  where  weight  is  critical  ir  considered  to  be  1.0 
gram  per  cubic  centimeter. 


III-l 


The  criteria  for  the  fire  resistance  of  fluids  are  based 
on  the  auto ignition  temperature  of  cheir  vapors  and  combustion 
characteristics  at  high  pressures.  Fluids  having  ambient  pres¬ 
sure  flash  points  under  300°  F  are  considered  flammable. 

Electrical  application  guidance  for  fluids  is  b&sed  on 
their  tentative  laboratory  dielectric  test  limits  given  in 
Chapter  II,  on  their  ability  to  cope  with  intrinsic  (carbon) 
and  extrinsic  (sea-water)  contamination,  and  on  their  sea-water 
fluid  emulsion  stability.  Critical  fluid  properties  for  each 
of  the  following  uses  are: 

•  Electric  motors:  initial  dielectric  properties, 
reaction  to  arcing  (for  d-c  motors),  heat  transfer  properties, 
emulsion  stability,  and  compatibility  with  other  materials. 

•  Switches,  contactors,  and  circuit  breakers:  init¬ 
ial  dielectric  properties,  heat  transfer  properties,  reaction 
to  arcing,  and  compatibility  with  other  material. 

•  Stationary  electrical  components:  initial  dielec¬ 
tric  properties,  heat  transfer  properties,  and  compatibility 
with  other  materials. 

Fluids  for  power  transmission,  such  as  hydraulic  systems, 
must  have  satisfactory  performance  in  all  fluid  and  lubricant 
property  categories,  including  dielectric  properties.  Fluids 
for  mechanical  elements,  such  as  gear  trains  and  hydraulic 
motors,  must  exhibit  good  lubricating  properties  and  good  cor¬ 
rosion  inhibition  while  dielectric  properties  are  less  critical. 
Fluids  for  environmental  protection  of  moving  electrical  com¬ 
ponents  must  have  favorable  dielectric  properties,  afford  good 
corrosion  inhibition,  and  have  favorable  lubricating  properties 
with  and  in  the  absence  of  sea-water  contamination.  Fluids  for 
environmental  protection  of  nonmoving  electrical  components  in 
sealed  cases  must  have  favorable  dielectric  and  corrosion 
inhibiting  properties,  but  here  the  lubricating  properties  are 
less  critical. 

Representative  federal  specification  products  and  repre¬ 
sentative  military  specification  products  are  tabulated  in 
numerical  order,  proprietary  products  are  coded  and  are  listed 
in  the  order  in  which  they  were  received  for  evaluation. 

The  fluids  are  listed  in  Table  1  (see  page  III -4)  for 
ready  reference  in  the  order  as  noted  above,  along  with  common 
designation,  base  fluid  composition,  and  a  listing  of  possible 
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uses  with  a  general  assessment  of  applicability  to  possible  uses 
The  assessment  of  the  fluid  utility  is  based  on  its  use  for 
deep  ocean  appl ications .  Even  though  a  iluid  may  have  been  used 
successfully  for  aircraft,  missile,  or  surface  ship  requirements 
rts  satisfactory  performance  under  deep  ocean  conditions  is  not 
assured.  The  symbols  on  the  summary  table  are  defined  as  fol¬ 
lows  : 


*  P  -  indicates  that  the  fluid  may  be  used  in  the 
listed  application  with  normal  design  precautions  and  considera¬ 
tions  . 


•  Q  -  indicates  that  the  fluid  has  properties  which 
make  its  use  in  the  listed  application  questionable.  It  does 
not  mean  that  the  fluid  cannot  be  used  in  the  listed  application 
It  does  mean  that  if  the  fluid  is  used  in  such  an  application, 
special  precautions  and  special  design  considerations  must  be 
observed.  A  fluid  in  this  category  may  possibly  be  suited  for 
short-term  use  onij . 

•  K  ~  indicates  that  the  fluid  has  either  been  used 
or  has  been  tried  in  the  listed  application. 

•  Blank  ( -)  -  indicates  that  there  is  insufficient 
available  information  to  make  any  assessment  of  the  utility  of 
the  fluid  in  the  listed  application. 

In  the  case  of  a  comoined  symbol,  such  as  KP  or  KQ,  the  K 
indicates  that  the  fluid  has  been  tried  for  the  use  indicated, 
and  the  P  or  Q  indicates  chat  it  is  either  possible  or  question¬ 
able,  as  defined  above. 

The  listing  of  P  after  3  product  does  not  constitute 
endorsement  for  use,  and  the  listing  of  Q  does  not  constitute 
condemnation . 
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Table  1 

Summary  List  of  Fluids  jnd  Lubricants  Tabulated 


Specification 
Trade  Name 


Other 

Des  U’nat  ion 


mi l-h -5606b 


XIL-J-5o24F 


Ml  L-L-Yo'  A 


MIL-C-i.l 


MIL-F-171H 


mil-l-1767?. 

MS  2  UO -TO 


E3SK 


Fluid  Code  B 


Fluid  Code  C 


Fluid  Code  D 


Fluid  Code  E 


Fluid  Cede  F 


Fluid  Code  G 


Fluid  code  H 


Fluid  Code  J 


Fluid  Code  K 


Fluid  Code  L 


Fluid  Code  M 


Fluid  Code  N 


Military  S 


Aircraft  Hydraulic 
Fluid 


Jet  Engine  Lubricating 
Oil 


Aircraft  Hydraulic 
System  Preservative 


Aircraft  Instrument  Oil 


Gas  Turbine  Lubricating 
Oil 


Gas  Turbine  Engine 
Prese rvative 


Ordnance  Hydraulic 

Fluid _  _ 

Turbine  Oil  and  Hydrau¬ 
lic  Fluid 


Damping  Fluid 


Aircraft  Turboprop  and 
Turboshaft  Lubricant 


_  Application 

Bose  Nonmovinq 

Fluid  I’ouci  Motor  Switching  Klecltical 

Co./ipn-  Trans-  Lubri-  limner-  Coir[>onert  Equipment 

sition  mission  cation  aion  Immersion  limner  si  on 


cificatu'n  Products 


Petroleum 


Sill  cone  |  Ku  |  O  |  u  I  u  I _ Q_ _ 

cification  products 

| Petroleum  KP  K?  |  KP  P  j  P 

Petroleum  "  Ku  KG _ U _ U _ 

Petroleum  KQ  KU  KU  KU  6 


Petroleum 


Petroleum 


Synthetic  KO 


petroleum  Q 


Petroleum  KU 


Q 


Silicone 


Synthetic 


Petroleum 


Petroleum!  KU 


Petroleui-  P 


Aircraft  and  Missile 
Hydraulic  Fluid 


Petroleum  KQ 


Petroleum 


Proposed  Specification  Petroleum 
MIL-d-25593  Missile 
Hydraulic  Fluid 


Traction  Drive  Fluid  Petroleum 


Petroleum 


Petroleum 


P. troleum 


Petroleum 


Petroleum 


Petroleum 


Silicone 


Petroleum 


water 


USP  Mineral  Oil 


NF  Mineral  Oil 


Lubricity  Improved 
Silicone 


Sea-water  Compatible 
Water  Glycol 


.  KU 

KU 

KQ 

KU 

KU 

U 

-  Possible  use 
K  -  Known  or  attempted  use 


Q  -Questionable  for  use  in  this  application 

-  (blank)  -insufficient  information  available  for 
assessment  of  use 
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FEDERAL  SPECIFICATION  PRODUCTS 


W-I-5>0a 


Suggested  Uses  and  Possible  Limitations 


The  oil  covered  by  Federal  Specification  W-I-53Ua  in  a 
petroleum-based  fluid  intended  to  serve  as  an  insulating  and 
cooling  medium  for  transformers,  oil  switches,  and  circuit 
breakers  at  atmospheric  pressure.  The  W-I -530a  fluid  also 
can  be  used  as  an  immersion  medium  for  equipment  to  a  depth 
capability  of  8000  feet.  The  fluid  lacks  adequate  inhibition 
to  prevent  sea-water  corrosion  of  ferrous  and  nonferrous  sys¬ 
tem  components.  Its  relative  lubricating  ability  has  not  yet 
been  established.  Its  poor  sea-water  emulsion  stability  makes 
it  unacceptable  for  use  in  electric  motors.  Good  dielectric 
properties  and  intermediate  viscosity  make  it  a  moderately  good 
choice  for  all  other  electrical  applications. 
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Properties  of  W-».-9>)a( 
(  Pet  roleum  Bane  Fluid) 


:J I’u.jioit  t  «•  * 

Vi&cosu'y,  coiitiutoKvs,  jf  j 

0  PSl'l 

*#000  psi.j 

4»,000  prtiv] 

$  ,000  jjs  i-j 

JO, COO  pai«| 

l‘>,000  pnui 

20,000  psi«i 

Viscosity,  cent i stoke* ,  at  210*  K, 
0  psuj 

V  i  scos  it'  S  !o|ie ,  ASTN 

V*  F 

100"  v 

i  so'  r 

k *  u.f,  \ 

S»  «-  NS  nut. 

AniiMj-iil  if.  ••• 

NATlAh  V. < 

AS  Li  h  • 

97. 0C 
<>g.9W 
l‘>4 .9 

29' *.9 
370.1 
<>12.0 
lOIL 

0.322 

9.09 

16.78 

20.47 

3o.9Y 

39.21 

76.67 

14  1.3 

4 .  .36 
6.44 
9.03 
11.34 
13.39 
21.62 
36.21 

Lubr.'.aiinij  Ability 

3-  -•  ill  Wear  Tost,  ^0  min,  SO®  C, 

iv <i.  Mi-t }..  .{ 

...  100  steel,  average  scar  dia.. 

{  mod  i  f  \  *  \ ) 

mm: 

i  k.i 

- 

3  kg 

- 

5  kg 

- 

Rolling  Contact  Fatigue  Test 

M1L-H- 19457 

Life  to  10<  Failure 

Life  to  50^  Failure 

Corrosion  Protection 

Stirred  Rust  Test,  10?  seawater. 

Fail 

asto  n-fC(. 

140*  F.  2  days 

On-Off  Rust  Test.  90%  seawater. 

Fail 

See  Chiipl  •  i 

140*  F.  30  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chanter 

stirred,  corrosion  test,  weight 

Test  C-l 

change,  mg 

Copper 

-54.5 

- 

Stainless  Steel,  3l6 

+3.2 

- 

Copper-Nickel  (70-30) 

->2.1 

- 

Aluminum,  QQ-A-250-^b 

-124.2 

- 

Phcsphor-Bronze 

-61.3 

- 

Steel,  galvanized 

-46.9 

- 

Steel.  1009 

-547-5,  , 

- 

Aluminum,  QQ-A-250-11 

+4. 3(2) 

- 

Bronze 

-11.8 

- 

Monel 

+3.1 

- 

Silver  Base  Brazing  Alloy 

-14.3 

20,000  PSIG  Pressure-Cycled 

See  Chapter 

Corrosion  Test  (156  seawater). 

Test  C-2 

weight  change,  mg 

Insulated  Specimens! 

Copper 

- 

Stainless  Steel.  316 

- 

Copper-Nickel  (70-30) 

- 

Aluminum,  QQ -A -2 50 -4  6 

- 

Phosphor-Bronze 

- 

Steel,  galvanized 

- 

Steel.  1009 

- 

Aluminum,  0Q-A-2  j0- 1 1 

- 

Bronze 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 
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Method 

Corrosion  I’t meet  ion  ^Contj 

F  lee 1 1  leal  ly  Coupled  Spee  invent* : 

- 

Copper  -Aluminum,  <JU-A-Ll»0- 1 1 

_ 

Aluminum  jU-A-'n>0-4b  - 

- 

Coppe  r -N  icke  1  (70-MJ) 

Hone  1 •Bronze 

_ 

Stainless  Steel  (  Mb)  - 

Phosphor. Bronze 

S 1 1 ve i  Base  b i az i  ny  A 1  toy  - 

_ 

S  t  ev 1 ,  1004 

Aluminum  UU-A-1  L0  - 1 1  - 

Bronze 

Aluminum  0Q-A-2‘;>0-4b  - 

Steel,  1009 

20, COO  PSIG  Stirred  Corrosion 

Lee  Chapter  7' 

Teat,  weight  change,  my 

Test  C-4 

Insulated  Specimens: 

Copper 

_ 

Stainless  Steel,  l>\6 

Copper-Nickel  (70-30) 

_ 

Aluminum,  QQ-A-2B0-4b 

_ 

Phosphor-Bronze 

_ 

Steel,  galvanized 

_ 

Steel,  1009 

Aluminum,  CQ-A-250-11 

.. 

Bronze 

_ 

Monel 

_ 

Silver  Base  Brazing  Alloy 

_ 

Electrically  Coupled  Specimens: 

Copper-Aluminum,  QO-A-250-11 

_ 

Aluminum,  QQ -A -2^0 -4b  - 

_ 

Copper-Nickel  (70-30) 

Monel -Bronze 

_ 

Stainless  Steel  (316)  - 

- 

Phosphor-Bronze 

.  ilver  Base  Brazing  Alloy  - 

- 

Steel,  1009 

Aluminum,  QC-A-250-11  - 

- 

Bronze 

Aluminum,  QQ-A-250-4b  - 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea-water  emulsi- 

Bronze  Bushings 

fying  oils 

Corrosion  Coupons,  weight  loss. 

each,  rag/eir? 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Silver  Base  Brazing  Alloy 

- 

Dielectric  Properties 

ASTM  C-H69  (mod- 

Resistivity,  78°  F,  ohm-cm: 

if led) .  See  Chap- 

As-Received 

5.2xl013 

ter  2,  Test  E-l 

With  Sea-Water 

See  Chapter  2 

Contamination : (?) 

15.0X101? 

Test  E-5 

0.5%  by  volume 

- 

2 .0#  by  volume 

- 

With  Carbon  Contamination: 

Set  Chapter  2 

0 .1%  wt/vol . 

Test  e-6 

0.25$  wt/vol. 

0,5%  wt/vol. 

- 

111-8 
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All  4  I  '  0,C<  V  V  Hr  til.  At':; 

\i  i  •  -in.)  I  l  r.ik:. )  a  •  JO 
'■  I  t  ,  '0  . »!'  ;h  l.  14  ?1  IS- 

M-.  H..kJ 

N>  t  tilt*  i  *  .1 

[•’lit.  t.  \ 

:>>  l  '  t  .  |*  II  "  i  -.it**  l,  ;i  am 

‘ :  *;  : :  put  K-n  Furt  ot  ,  '  \°  F, 

A  -  Ki'i  v  I  VrJ 
With  ih  u-W  .  t  i 
Contain  mat  ion  s  ^  ^ 

C.1  by  volume 
2.0‘  by  vol’iine 
W  i  t  h  Cm  bon  Font ami  nut  mns 
o.Hv'  wt.  vol, 
o *  ‘  wt .  vmI  . 

0 . 1  0-  w  t  /  vo  l  . 

Attoi  *0,i\V  Fleet  lie  A  i  os 
(I’Kiki-s  and  breaks)  at  l)0 
Volts,  10  umpo it* s ,  tests- 
ti*e  load 

Not  flit*.*!  od 
Fllteied 

Solids  jcnetaUU,  |tum 
Du  loot i lo  Breakdown  Voltage, 
0.0?*- inch  vjap,  7^°  F#  kv 
As- Roc  e  ivod 
With  Sea-Water 
Contamination :  (3) 

0. by  volume 
r  .  0:-'  by  volume 
With  carbon  contamination: 
0.1011'  wt/vol. 
o.rb;1  wt/voi. 

0.50?  wt/vol. 

Atter  50,000  electric  arcs 
(makes  aid  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  '50 
volts,  1C  amperes,  resistive 
load,  6000  psi,  65° -85°  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 


d.-lxlO1 
I  t  .ox  l.)l 

,o 

:■ .  y 


1.0 

o.f> 

25.0 

6.9 


10.1 

22.4 


A 

4-300 


1 1  in./ : 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

El e  ’trie  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPS1* 
Butyl 
Buna  N 
Vi  ton  B 

Ethylene-Propylene 

Tet  ra  f lun roe  thy lene  [ Teflon) 

Neoprene 

Thi  ■ -i  kul 

Sill  rone 

Fluoros il iconc 


40 

0 

40 

0.2 

Poor 

Good 

Good 

Poor 

Good 

Fair 

Fair 

Fair 


M<  tin.  I 


Void JtlJL  Ity 
Tux ic i ty 

Dens  tty,  gi ams7eub ic  cent  i mutin',  ati 
0  pan] 

5,000  psig 
‘>,000  psu| 

8,000  psiij 
10,000  psig 
l1', 000  paly 
20,000  paly 


Petroleum 


Isothermal  Compre jaTtii  1  u  y ,'  volume 
dec  reuse,  '£ ,  at  s 
0  psig 
3.000  paly 
5.000  psiy 
8,000  psiy 
10,000  psiy 
15.000  psiy 
20,000  psiy 


Chemical  Stability  ’ 

Oxidation  Stability  Test,  205°  F, 
hours  to  failure 

Oxidation  Stability  Test,  250°  F 
Hydrolytic  Stability  Test 
Specimen  change,  mg 
Specimen  appearance 
Fluid  acid  number  increase, 
mg  KOH/gram  fluid 
Water  acidity,  mg  KOH 
Insolubles,  % 

Thermal  Stability  Test 
Fire  Resistance 
Flash  Point,  °F 
Fire  Point,  °F 

Autogeneous  Ignition  Temperature, °F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  °F 
Minimum  reaction  temperature, 

°F 

No  indication  of  fire,  °F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressure  change,  °F 
Temperature  range  explored,  °F 
Miscellaneous  Properties 
Pour  Point,  “F 
Foaming  Tendency,  75°  F 

Foam  after  5-minute  aeration, 
ml 

Time  out,  minutes 
Foam  after  10-minute  settling, 
ml 

Neutralization  Number,  mg  KOH/gram 
Water  Content,  %  by  weight 
Neutrality,  qualitative 
Contamination 

Number  and  size  of  particles  and| 
fibers  in  100-ml  fluid 
25-100  micrometers 
100-500  micrometers 
over  500  micrometers 
particles  over  250  microm¬ 
eters  except  fibers  (length 
ten  times  diameter) 
Gravimetric  Value,  mg/100  ml 


325 

345 


Color 

Cost ,  $/gal 

Availability _ _ _ 

^Determinations  made  at  atmospheric  pressure,  unless  noted 
shown  by  weight  change.  3sat.urated  with  seawater. 


<-4o 

<10 

0 


0.01 

0.007 

Neutral 


~v7~  1 

'  KIU^  V 

0  FWf 

0  JWoo 

0.  )057 

0.8804 

0.  (093 

0.8868 

0.9169 

0.8952 

0.9216 

0.9006 

0.9323 

0.9122 

0.9421 

0.9174 

5rr  F 

90i*  F 

1.00 

1.12 

1.61 

1.84 

2.42 

2-73 

2.92 

3-29 

4.03 

4.50 

5.05 

-_5.53 

l'!>  1 

o.HVii 
0.8656 
0.8711 
0.8812 
0.8871 
0.8  995 
0 .9  105 
Y'.o”  V 


1.45 

2.30 

3-41 

4.06 

5.38 

6.50 


$.70 
iGovt  spec! 


nspjji. 
Ann.ipt  •  1  j 
MAT1.AH  '.‘.1 


Sim-  NSWDI. 
Ann«ip( 1 )  j  : 
MATLAB  V  < 


ASTM 

rod.  Met  hr  -1  \,Vi 
Military  .spec it 
cation  KIL-H- 
1946711 


ASTM  0-92 
ASTM  11-91 
ASTM  b-l  1‘.. 5 
Sec  mi;l  i«  port 
51/66  of  March 
196? 


ASTM  D-07 
ASTM  D-8  >r 


ASTM  P-17.1, 

ASTM  0-1744 
Fed.  Method  ■  i:  ! 

SA1.  Mi  t:„  .1  A K I"  - 

108 


SA1  M.  tin-  i  AKP  - 
ASTM  D -  1  ‘  1  s 


u Heavy  deposits  indicate  corrosion  no 


ill-10 


Supplementary  Proper!  lea  of  VV-l-‘j?0a 


Method 

Material  Compatibility  wlthi * 
Buna  S 

Poor 

See  Chapter  P 

Test  C-3 

Natural  Rubber 

Poor 

Polyurethane 

Good 

Miscellaneous  Properties 

Specific  Gravity  at  60/60’  F 

0.88 

ASTM  D-1P98 

*  Based  on  atmospheric  pressure  data. 


w-d-001078  (10  cs) 

Suggested  Uses  and  Possible  Limitations 


The  fluid  covered  by  Federal  Specification  W-D-001078  is 
a  dimethyl  polysiloxane  developed  for  use  as  a  damping  fluid 
and  is  available  in  viscosities  from  O.65  to  200,000  centi- 
stokes.  The  W-D-001078,  10-cs  fluid  can  be  used  as  an  immer¬ 
sion  medium  for  nonmoving  equipment  and  has  a  depth  capabil¬ 
ity  of  16,000  feet,  it  has  poor  sea-water  corrosion  inhib¬ 
ition  capability.  Its  high  compressibility  must  be  consid¬ 
ered  in  system  design.  The  poor  lubricating  ability  (partic¬ 
ularly  with  steel-on-steel  components)  of  silicone  fluids 
limits  its  application  to  nonmoving  components.  Although  this 
fluid  has  been  used  in  deep  submergence  electrical  applica¬ 
tions,  it  is  considered  a  questionable  choice  for  electrical 
usage  because  of  borderline  dielectric  breakdown  voltage. 


Ill- 12 


Properties  of  W-D-001078  {  10  CS) 
(Silicone  Fluid) 


(1) 


1  —  -  . 

V  v scone 1 1  ic  P t op*'  it  tea 

VLarosity,  centistokesf  at j 

0  ps  ivj 
*  *  c  iX)  puli) 

V»,000  p*W 

8,  COO  ps  i»j 

10,000  psi»j 
l‘j  ,000  paitj 

ro,ooo  pst^ 

Viscosity,  cent istokea,  at  210*  F, 
0  psuj 

Viscosity  Slope,  ASTM 

m 

100'  K 

m 

Mr  t  hr  »*i 

Si  r  K.SHil. 

*\nnu|H>  1  j  j.  la  p /j  t 
MATLAU  V.-U 

ASTM  D -**'**; 

17.86 

25.67 

31.98 

44.45 

49.44 

78.64 

123.5 

3.76 

0.4J0 

8 .66 
12.37 
14.99 
20.16 
23.82 
35.52 
51.12 

4.7‘> 

8.30 

10.11 

12.63 

15.00 

21.90 

30.55 

Lubricating  Ability 

4-Ball  Wear  Test,  JO  min,  50'  C, 

I’-.i .  Method 

f i  100  steel,  average  scar  dia.. 

(nodi  f  »<  d) 

.nn: 

1  k  | 

- 

5  kg 

- 

5  kg 

Corrosion  Protection 

Stirred  Rust  Test,  10$  seawater. 

Fail 

ASTO  D-fcC-5 

HO*  F,  2  days 

On-Off  Rust  Test,  50$  seawater. 

Fail 

See  Chapter  2 

140*  F.  JO  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chapter  f- 

stirred,  corrosion  tost,  weight 

Test  C-I 

change,  mg 

Copper 

-1.7 

- 

Stainless  Steel,  Jl6 

+7-7 

- 

Copper-Nickel  (70-JO) 

+14.2 

- 

Aluminum.  QQ-A-250-**b 

-198.9 

Phosphor-Bronze 

-63.4 

- 

Steel,  galvanized 

-97.6 

- 

Steel,  1009 

*1009. 8 

- 

Aluminum.  QQ-A-250-M 

+210-9 

- 

Bronze 

-1.4 

- 

Monel 

+11.J 

- 

Silver  Base  Brazing  Alloy 

+19.2 

20,000  PSIG  Pressure-Cycled 

See  Chapter  2 

Corrosion  Test  (1$  seawater). 

Test  C-2 

weight  change,  mg 

Insulated  Specimens! 

Copper 

- 

Stainless  Steel,  Jl6 

- 

Copper-Nickel  (70-JO) 

- 

Aluminum,  Q0-A-250-4b 

Phosphor-Bronze 

- 

Steel,  galvanized 

- 

Steel,  10C9 

- 

Aluminum,  QG-A-250-11 

- 

Bronze 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Mr  t  hod 


Corrosion  Piotection  (Cont* 

Electrically  Coupled  fpvc imuns i 

- 

Copper  -A  lumimim,  C2-A-?t)0-H 

- 

Aluminum  QC-A-?V?-4b  - 

- 

Copper-Nickel  (70-30) 

Hone  l-Brcnze 

- 

Stainless  Steel  (3l6)  - 

- 

Pho»phor-Bron2e 

Silver  Base  Brazing  Alloy  - 

Steel.  1004 

Aluminum  0Q-A-Ct»0-ll  - 

Bronze 

Aluninum  QO-A-250-4b  - 

- 

Steel,  1009 

20,000  PS1C  Stirred  Coirosion 

See  Chapter  2 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimen#! 

Copper 

- 

Stainless  Steel,  3iS 

- 

Copper-HtcVel  (70-30) 

- 

Aluninum,  0Q-A-2^0-4b 

- 

Phosphor-Bronze 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Aluminum,  QQ-A-250-11 

Dronze 

" 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Electrically  Coupled  Specimens: 

Copper -Aluminum,  QQ-A-r^O-ll 

- 

Aluminum,  QQ-A-250-4  b  - 

- 

Coppor-Nickel  (70-30) 

Monel -Bronze 

Stainless  Steel  (316)  - 

- 

Phosphor-Bronze 

Silver  Base  Brazing  Alloy  - 

Steel.  1009 

Aluninum,  QQ -A -2  50-11  - 

Bronze 

Aluminum,  QO-A-250-4b  - 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea-water  enulsi- 

Bronze  Bushings 

fying  oils 

Corrosion  Coupons,  weight  less. 

each,  mg/cm^ 

— 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Silver  Base  Brazing  Alloy 

- 

Dielectric  Properties 

ASTM  D-1169  (mod- 

Resistivity,  GO”  F,  ohm-cmj 

3.6xl01<+ 

ified) .  See  Chap- 

As -Received 

ter  2.  Test  E-l 

With  Sea-Mat  rr  Con¬ 
tamination  t(*0 

8. 6x10*3 

See  Chapter  2 

Test  E-5 

0.5#  by  volume 

- 

2.0*  by  volume 

- 

With  Carbon  Con- 

See  Chapter  2 

tarn inat ion x 

Test  E-6 

0.25*  wt/vol. 

- 

0.5*  wt/vol. 

_ 1 _ 1 

- 

1 

~ 

Mi  thvil 

O'oloot  »  u*  itud  (V nt  I 

Ail*.  1  '  : , *X0  t  U'Ct  t  ic  At  Oh 

See  Chapter  2 

(make a  and  break:.)  at  -»U 

Teat  E-7 

volts.  *0  air.pv rt-»,  tos,:.. 

t  iv*'  loa  t 

Not  t  i 1 1 vied 

- 

t  \  1 1  cit'd 

• 

Sfl  itt a  *|cneratc*l.  i t  an 

- 

Uissipition  Factor ,  8o*  F, 

See  Chapter  ? 

As -Hoi'o  i  ved 

0.0 

Teat  E-2 

With  Sea-Water  Con- 

O.T 

See  Chapter  P 

taminat  lonit"-) 

1 

Teat  E-5 

0.‘>*v  by  Volurn* 

2 . O;  by  volume 

~ 

With  Carbon  Contamir.at  u-ni 

See  Chapter  2 

0 , 1 01.-  w  t  /vo  l « 

Test  E-6 

o.:  •  •  wt/vni. 

O.'aV.  v>t.vol. 

- 

After  ‘0.000  aloctric  A  c. 

(maki’s  and  breaks)  at 

vo Iti,  10  .iBiK'ros,  t  * s»  i  i  - 

t l vo  load 

Not  f tlti rod 

* 

Filtered 

- 

Solid;  n]n  nv  rated,  nan 

- 

Dielectric  Breakdown  Volt..u, 

ASTM  D-877  (mod- 

C. OS- inch  .,ap,  80*  F,  Xv 

i f ied) .  See  Chap- 

As  received 

14.8 

ter  2.  Test  E-J 

With  sea -water  cor*- 

5.8 

See  Chapter  2 

tamnation:(‘) 

Test  E-5 

0 . yf  by  volume 

- 

2 .OX  by  volume 

- 

With  carbon  contamination: 

See  Chapter  2 

O.lCy  v t .  vo  1 . 

-  Test  E-6 

0.25'."  wt/vol . 

- 

C . SO'  wt/vol. 

“ 

After  50,000  cl-'ctric 

(makes  and  bre  iki.) 

volts.  10  amperes,  r.  . 

tive  load  j 

Not  f  i  1  to  red 

- 

Filtered 

- 

Solids  generated,  ;r  . 

- 

Contact  Life,  silver-cadmium.  ‘0 

See  Chapt'  r  2 

volts.  10  amperes,  rrsist- 

Test  E-8 

load,  6000  psi,  65’-$'S  F 

Number  of  tests 

- 

Operations  to  failure  (  r  at  i<  ) 

Emulsion  Stability 

Paddle  Test,  after  1-hour  ret- 

ASTN  D-1401 

tling: 

Oil,  ml 

40 

- 

Emulsion,  ml 

0 

-■ 

Water,  ml 

40 

- 

Electric  Probe  Test,  time  loi 

0 

See  Ca  iptcr  2 

water  separation,  rairt 

Test  E-4 

Material  Compatibility  Static  TCKPSI* 

Sec  Chapter  2 

Butyl 

Poor-Fair 

Test  C-3 

Buna  K 

Fair 

- 

Viton  B 

Good 

- 

E thy l c  no -P  ropy 1 ene 

_ 

- 

Tet  raf  luorocthylene  ( Tc f  Ion) 

Good 

- 

Neoprene 

Fair 

- 

Thiokol 

Good 

- 

S il icone 

Poor 

- 

Fluo.*osil  icone 

„  EQflX _ 

_ 1 _  _ L 

*  Based  on  atmospheric  pressure  data. 
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Vo  la t  i  1  tty 

Toxicity 

Sit icone 

Mt- 1  hod 

Density,  tjrams/cubic  cent  i  me  tor .  at: 

35'  P 

100’  F 

iso'  i- 

See  NSHDL 

Annapolis  ! 

MATLAB  IbQ 

0  ps 

*  ,  000  ps  ivj 

i>,ooo  psi'j 

8,000  psi»j 

10,000  paij 

IS, 000  ps  l‘j 

00,000  pslij 

0  .9572 
O.9788 

0.9924 

1.0095 

1.0062 

1.0092 

1.1093 

“6".  92  38 
0.9514 
0.9663 
0.9859 
0.9976 

1.OPO6 

1 .0404 

0.&973 

0.9313 

0.9484 

0.9708 

0.9831 

1.009? 

1.0314 

Isothermal  Compressibility,  volume 

3‘j"  f 

90"  F 

l'jtr  1 r 

See  NSFDL 

Annapolis  Heporl 
HAT  LAB  yjJ 

decrease,  < ,  al! 

0  psig 

3,000  paid 

5,000  paiij 

8,000  paid 

10,000  paid 

15,000  paiij 

00,000  paid 

1.88 

2.97 

4.40 

5.21 

8.98 

8.49 

2.11 

3.38 

4.95 

5.82 

7.66 

9.22  _ 

2.62 

4.0? 

5.7? 

6.75 

8.74 

..IQ  .21. _ 

Chemical  Stability 

Oxidation  stability  Teat,  003*  F, 

ASTM  D-943 

hours  to  failure 

Oxidation  Stability  Test,  0  50*  F 

Fed.  Method  5308 

Hydrolytic  Stability  Test 

Mil itary  spec: ! i - 

Specimen  change,  mg 

cation  M1I.-H- 

Specimen  appearance 

19457B 

Fluid  acid  number  increase. 

- 

mg  MOH/grara  fluid 

Water  acidity,  mg  KOI! 

Insolubles, 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  * F 

355 

ASTM  D-9? 

Fire  point,  *F 

415 

AS  TO  D-9? 

Autogeneous  Ignition  Temperature, ®F 

ASTO  D-?156 

High-Pressure  Spray  Combustor 

5ce  MEL  Report 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature,  *F 

1967 

Minimum  reaction  temperature, 

•p 

"" 

No  indication  of  fire,  °F 

- 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

• 

pressure  change,  *F 

Temperature  range  explored,  °F 

- 

Miscellaneous  Properties 

Pour  Point,  kF 

<-65 

ASTO  d-97 

Foaming  Tendency,  75"  F 

ASTM  D-89? 

Foam  after  5-minute  aeration. 

0 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  KOH/gram 

ASTO  D-974 

Mover  Content,  J>  by  weight 

3.010 

ASTO  D-1744 

Neutrality,  qualitative 

Fed.  Method  5101 

Contaminat ion 

- 

Number  and  size  of  particles  and 

SAE  Method  ARF- 

fibers  in  100-ml  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

- 

particles  ovar  £50  microm- 

- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP- 

785 

Color 

ASTO  D-1500 

Cost.  J/gal 

$20.00 

Availability 

Qovt-aass 

L  rT  ,Tm  ■  .  .  - - -  ^ - ■ - 1 - 

* De terminations  made  at  atmospheric  pressure,  unless  noted.  ^Saturated  with  seawater. 


111-16 


Supplementary  Properties  o t  W-D-001078  {  10  CS) 


Material  Compatibility  with:' 

Method 

See  Chapter  2 

Buna  S 

Poor 

Teet  C-3 

Polyurethane 

Fair 

Miscellaneous  Properties 

Specific  Gravity  at  60/60'  F 

0.9A1 

•  Based  on  atmospheric  pressure  dat*«. 
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w-d-001078  (50  cs) 

Suggested  Uses  and  Possible  Limitations 


The  fluid  covered  by  Federal  Specification  W-D-001078  in 
the  5C~ce  viscosity  has  been  used  in  the  missile  hold-down  sys¬ 
tem  in  submarines.  The  W-D-001078,  50-cs  silicone  fluid  can 
be  used  as  an  immersion  medium  for  equipment  to  a  depth  capa¬ 
bility  of  1000  feet.  The  fluid  lacks  adequate  sea-water  cor¬ 
rosion  inhibition.  Its  high  compressibility  must  be  considered 
in  system  design.  The  poor  lubricating  ability  (particularly 
with  steel-on-steel  components)  limits  its  use.  Due  to  a  low 
dielectric  breakdown  voltage  and  poor  sea-water  emulsion  sta¬ 
bility  and  relatively  high  viscosity,  this  fluid  is  not  recom¬ 
mended  for  any  electrical  applications. 
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K  *  t  h  o  d 


Corrosion  Protection  (com) 

Electrically  Coupled  Specimensi 
Copper -Aluminum,  uy-A-?50-ll 
Aluminum  sAl-A-250-4b  - 
Copper-Nickel  (70- JO) 
Monel-Bronze 
Stainless  Steel  (516)  - 
Phosphor-Bronza 
Silver  B&se  Brazing  '  lloy  . 
Steel,  1004 

Aluminum  p<J-A-£50-X1  - 
Bronte 

Aluminum  Cai-A-25C~4b  - 
Steel,  1009 

00,000  PSIG  Stirred  Corrosion 
Teat,  weight  change,  mg 
Insulated  Specimens! 

Copper 

Stainless  Steel,  3l6 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QO-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens! 
Copper-Aluminum,  QU-ft-250-11 
Aluminum,  9Q-A-2*C-;b  - 
Copper -Nickel  ( ,  ’0) 

More 1 -Bronze 


See  Chapter  2 
Test  C-4 


Stainless  Steel.  ( 2516)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1009 

Aluminum,  QCl-A-250-11  - 
Bronze 

Aluminum,  QQ-A-250-4b  - 
Steel,  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Brc. ze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  f.-iq/cnh 
Copper 
Aluminum 

Steel,  galvanized 
Stcsi,  1GC9 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  77*  f,  ohm-cmt 
As -Received 
with  Sea-Water  Con¬ 
tamination:  (2) 

0.5%  by  volume 
2 .0%  by  volume 
With  Carbon  Contamination: 

0.1%  wt/vol. 

0.25%  wt/vol. 

_ 0.5%  wt/vol. _ I 


Proposed  military- 
specification  for 
sea-water  emulsi¬ 
fying  oils 


I 7.8xl0i5 
h.4 .4x10*2 


ASTM  D-lloS  (n\od-  j 
ified) .  See  Chap¬ 
ter  2.  Test  E-l 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


’ 1  V  l  vet  i  hojiy  t  t  u*b  j 

Aftoi  ‘  0,000  Electric  ht.cn 
(makes  .uni  bleaks)  at  ')0 
vo  Its..  ’  0  ampe  il*S|  i  v a  \  «  - 
t  i  v»*  locU 

Nut  filleted 
F  i  Itfi.-ii 

Solids  genet atod,  1 1 tti’i 
Dissipation  Factoi,  77°  F,  *' 
As-Heco i ved 
With  St1  a -W.it  e r  Con  - 
taminat won *(^) 

0.*/’'  l>y  volume 
2.0*”  by  volume 
With  Carbon  Contamination* 

0.10  wt/vol. 

O.r*1  wt/vol. 

O.bO-*  wt/vol. 

Aft ei  ‘0.000  Electric  Aio* 
(m.*k»*s  rA  breaks)  t  \)0 
volts*  10  amperes,  resis- 
t ive  load 

Not  filtered 
F  il terod 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
n  O'.-ini-h  lap,  77°  p,  kv 
t\ s  received 
With  sea -water  con¬ 
tamination:'^' 

0.5/’  by  volume 
2.0/  by  volume 
with  carbon  contamination: 
0.105?  wt/vol. 

0.25/  wt/vol. 

0.505?  wt/vol. 

After  50,000  electric  1  s 
(makes  and  breaks)  r. .  >>o 
volts,  10  amperes,  -<sis~ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  iram 
Contact  Life,  silver-cadmium,  ‘;0 
volts,  10  amperes,  resistj.vc 
load,  6000  psi,  65° -85°  F 
Number  of  tests 
Operations  to  failure  ( ran  ,e) 
Emulsion  Stability 

paddle  Tost,  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  static  20KPSI* 
Butyl 
Buna  N 
Vi  ton  B 

Eth> 1 ene -Propylene 

Tet raf luoroethylene  (Teflon) 

Neoprene 

Thiokol 

S 1 1 icone 

Fluoros  i  1  icone 


Based  on  atmospheric  pressure  data. 


*■ 

•  . 

■ 

Mi  t  ho  1 

Volat ll Lty 

Tux  ici ty 

S il  icone 

- 

Density,  41  ana/cub ic  cent  imete 1  ,  at: 

55'  p 

m,r  t 

i,.b’r  f 

0  psig 

Set  NSKDL 

5,000  psig 

A iivict g>i >  1  i !<«!'■  1  ’ 

b , 000  ps  ig 

8,000  psig 

MAM  JIB  VI' 

10.000  psig 

15,000  psig 

2 0,000  psig 

Isothermal  Compressibility,  volume 

55’  F 

100”  F 

11  p”  r 

decrease,  atj 

See  NS  HUE 

0  psig 

Ann.ipol  is  R- •]“ •  1 1 

3,000  psig 

5,000  psig 

MATLAB 

8,000  psig 

10,000  psig 

15.000  psig 

20,000  psig 

Chemical  Stability 

Oxidation  Stability  Test,  205"  F, 

ASTM  D-  )‘l  ’  ' 

hours  to  failure 

Oxidation  Stabilitv  Test,  250°  F 

Fed.  Method  '  V 

Hydtolytic  Stability  Test 

Mi  1  1 1  ary  spec ) 1  ; - 

Specimen  change,  mg 

cation  M1L-H- 

Specimen  appearance 

lqit'  7B 

Fluid  acid  number  increase, 

- 

mg  HOH/gram  fluid 

Water  acidity,  mg  KOH 

Insolubles,  % 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  “F 

>535 

ASTM  C-92 

Fire  Point,  °F 

ASTM  D-9? 

Autogeneous  Ignition  Temperature, °F 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

31/66  ot  March 

temperature,  °F 

1967 

Minimum  reaction  temperature, 

0  p 

- 

No  indication  of  fire,  °F 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  or  maximum 

_ 

pressure  change,  °F 

Temperature  range  explored,  °F 

_ 

Miscellaneous  Properties 

Pour  Point,  toF 

<-65 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  d-89? 

Foam  after  5-minute  aeration. 

- 

ml 

Time  out,  minutes 

_ 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  KOH/gram 

ASTM  D-974 

Water  Content,  %  by  weight 

ASTM  D-174A 

Neutrality,  qualitative 

Fed.  Method  5101 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-i.l  fluid 

598 

25-100  micrometers 

- 

100-500  micromr 

- 

over  500  micrometers 

- 

particles  over  250  microm- 

- 

eters  except  fibers  (length 
ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAK  Method  ARF- 

785 

Color 

ASTM  D-1‘,00 

Costf  t/qal 

$15.00 

- 

Availability 

Govt  suae 

- 

l-De terminations  made  at  atmospheric  pressure,  unless  noted 

•  ^Saturated  with  seawater. 
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MILITARY  SPECIFICATION  PRODUCTS 
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mil-h-5£o6b 

Suggested  Uses  md  Possible  Limitation* 


The  fluid  covered  by  Military  Specification  MIL-H-5606b 
ie  a  petroleum-base,  low-viscosity  fluid  which  has  been  used 
extensively  in  aircraft  and  misjsile  hydraulic  systems.  The 
properties  of  MIL-H-5606b  indicate  that  it  is  suitable  for  use 
as  hydraulic  fluid,  as  a  motor  immersion  fluid,  as  a  general 
lubricant,  and  for  environmental  protection  of  electrical 
equipment  at  depth  capability  of  20,000  feet.  Its  limitations 
are  lack  of  corrosion  protection,  poor  sea-water  compatibility, 
and  its  high  flaasaability.  There  are  reported  field  applica¬ 
tion  failures  due  to  formation  of  large  carbon  deposits  under 
pressure  in  electric  arcing  conditions;  however,  this  problem 
is  common  to  all  hydrocarbon  fliiids.  (See  Chapter  I.)  Its 
cosabination  of  good  sea-water  emulsion  stability,  good  dielec¬ 
tric  properties,  and  intermediate  viscosity  makes  this  fluid 
the  best  choice  known  to  date  for  electric  motor  usage  and  a 
moderately  good  choice  for  all  other  electrical  applications . 
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Properties  of  HI  L-H-t>606B' 
{Petroleum  B.^sc  Fluid) 


V  i  scome  t  r  ic  P  ro|*e  rtics 

Viscosity,  hiijh  shear,  cs,  ati 
C  pau» 

^  ,000  psiv| 

‘>,000  pst'i 
8,000  p» i‘j 
10,000  psiij 
l *>,000  psi'i 
CO, 000  pjii»| 


Viscosity,  low  shear,  cs,  ati 
0  pa  iq 
3.030  psig 
5,000  psig 
8,000  p»ig 

10,000  psig 
It), 000  psig 
00,000  psig 

Viscosity,  cent  istokvs,  at  210  F, 
0  psig 

Viscosity  Slope,  ASTM 


Lubricating  Ability 

4-Ball  Wear  Test,  30  min,  50*  C, 
52100  steel,  average  scar  dia., 
mm:  1  kg 

3  kg 
5  kg 

Rolling  Contact  Fatigue  Test,  hri 
BIO  life:  Dry 

With  1%  synthetic 
seawater 
B50  life:  Dry 

With  156  synthetic 
seawater 

Corrosion  Protection 

Stirred  Rust  Test,  10%  seawater, 
140*  F.  2  days 

On-Off  Rust  Test,  50%  seawater, 
140*  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
.  change,  mg 
Copper 

Stainless  Steel,  3l6 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel.  1009 
Aluminum,  QQ-A-?  50-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure-Cycled 
Corrocion  Test  (1%  seawater), 
weight  change,  mg 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QO-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alio 


92.6? 

'50.8 

264.4 


35*  F 


?5:lw 


Sue  NSKD1. 
Annapolis  Report 
MATLAII  36 0 


-4.1 

+0.1 

+0.1 

«°*V 

+0.212 

-116.5 

-110.8 

+0.6 

+2.1 

+0.2 

-0.7 


F<  d.  Method  660 
(modi f ied) 


ASTV.  D-665 

See  Chapter  I 
Test  C-5 
See  Chapter  2 

Test  C-l 


See  Chapter  2 
Test  C-2 
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Method 

Corrosion  Pi  .itect  ten  (cont) 

E  lt*<  t 1  ical ly  Coupled  Specimen*: 

- 

Copper  .Aluminum,  -A  -  ?  ‘,/0  - 1 1 

♦0.2 

-0.1 

- 

Aluminum  UU -A-2^>0-4b  - 

♦0.2 

0 

_ 

Copper -Nickel  (70*90) 

Hone  1 -Bronze 

+0.1 

+0.2 

Stainitii  Steel  ( 516)  - 

+0.2 

0 

- 

Phospho i -Bionie 

Silver  B/.ae  Blazing  Alloy  - 

0 

+0.2 

Steel,  1004 

Aluminum  uu*A-«'*jO-il  - 

♦0.1 

+0.2 

Bronze 

Aluminum  U<J -A -2  50 -4  b  . 

+0.2 

+0.1 

Steel,  ICO) 

10,000  PS  10  Stirred  Corrosion 

See  Chao ter  * 

Test,  weight  chang*  ,  mg 

Teat  C-4 

Insulated  Spec  imena  t 

Coppe i 

-2.6 

Stainless  Steel,  5l6 

0 

_ 

Coupe*  i -N  i eke  l  (70-50) 

0 

_ 

Aluminum,  UU-A-?50-^b 

-1.9 

- 

Phosphor -Bronze 

-2.1 

- 

Steel,  jalvanized 

-0.1 

- 

Steel,  iOOl 

-18.8 

_ 

Aluminum,  00  -A  -7‘  y0  - 1 1 

-0.1 

- 

Bronze 

-2.5 

- 

Hone  l 

0 

Silvci  Base  Brazing  Alloy 

-0.4 

- 

Electrics  Coupled  Specimens: 

Copper -Alum  mum,  QQ  -A  -C  c>0  - 1 1 

-2.0 

+0.1 

- 

Aluminum,  00 -A -0^0 -Ab  _ 

+0.2 

0 

- 

Copper -Nickel  (70-*0) 

Hone  1 -Bronze 

+0.2 

-2.6 

Stainless  Steel  ( }l6)  - 

+0.1 

-3-1 

- 

Phosphor-Bronze 

Silver  Base  Brazing  Alloy  - 

-0.5 

-11.1 

„ 

Steel,  1009 

Aluminum,  00 -A -JT *j0 - 1 1  - 

+0.2 

-2.7 

_ 

Bronze 

Aluminum,  00 -A -CyO -4b  - 

-o.6 

-15.4 

- 

Steel,  10f>9 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

15 

sea-water  emulsi- 

Bronze  L’uahmqs 

9 

; 

fyir.g  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg,  cm4- 

^oppe ; 

0.01 

- 

A  lum  i  r.um 

0.04 

- 

Steel,  galvanized 

0.01 

1 

- 

Steel,  ICC1 

0.05 

1 

- 

Silver  Base  Brazing  Ailo^ 

0.02 

- 

Dielectric  Proper*  ie# 

Resistivity ,  7?*~  F,  ohm -cm « 

ASTM  D- 11 6-3  (mod¬ 
ified:  .  See  Chap- 

As  Bece i ved 

S.OxlO1*1 

ter  . .  Test  E-I 

With  Sea -water  Con  - 

{  V: 

tar- mat  ion  it  '  ' 

0  .  bv  vo  1  uw* 

4.6*1012 

See  Chapter  ? 

Test  E-5 

?  , ?**  by  volume 

- 

\  With  C a rhon  Con  t  am  ;  na t  ion : 

I  C.l*  wt  vo;  . 

C.2+<  ». 

: 

j 

i 

See  Chapter  C 

Teat  E-t 

1  C  wt  vc: - 

_ 

i _ 

- 

I 
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Ke » hod 


Dii'U'ct  t  P s o { «•  1 1  its 


(Cunt ) 


AlU'f  50.000  t- 1  fC tile  Aics 
(makes  and  bleaks)  at  >10 
volts,  *0  amperes,  rests* 
t  ivi*  lo.nl 

Not  filleted 
t'l  ltered 

Solids  >;i>m'r.»ti‘d,  >|r.tni 
Dissipation  factor,  77*  F,  5  ■„ 
As -Hoc.'  l  ved 
With  Sea .Wat or  Con¬ 
tain  inat  ion  t'  ') 

0  .  ‘  -5  by  voluwv 
?.cK  by  vo t litre 

With  Carl-on  Oontatninat  ion  i  • 
0 . 1C?  wt/vol. 

0.255  Wt/vol. 

0.505  wt/vol. 

Alter  ‘O.OOC  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  .jent  rated,  >jram 
Dielectric  Breakdown  Volt.ne, 

0 .O^-inch  qap,  77*  f,  kv 
As  rece  ived 
With  sea-water  con¬ 
tamination!^) 

0 . 5?  by  volume 
2.05  by  volume 
With  carbon  contamination: 
0.105-  wt/vol. 

0.255  Wt/vol. 

0.505  Wt/vol. 

After  50, OCX)  electric  arcs 
(makes  and  breaks)  at  -)0 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  'jram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65*  -85“  F 
Number  of  tests 
Operations  to  failure  ( ramjc) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  static  20KPSI 
Butyl 
Buna  N 
Viton  R 

Ethylene -Propylene 

Tetraf luoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluorosilicone 


8.0x10** 

8.6x10** 

0.81 

2.0 

2.1 


0.8 

0.5 


23.8 

7.2 


10.8 

15.8 


33 

30 

14 

10 


Poor 
(Fair-Good 
Good 
Poor 
Good 
Fair 

Poor 

JEfiOC _ 


Based  on  atmospheric  pressure  data. 


See  Chapter  2 
Test  E-7 


See  Chapter  2 
lest  E-2 
See  Chapter  2 
Test  E-5 

r  4. 

J-*e.  Chapter  2 
les^^-6 


ASTM  D-877  (mod¬ 
ified).  See  Chap¬ 
ter  2  .  Test  E-3 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  0-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


' 

Method 

Volatility 

- 

Pet  to  lour 

- 

Qgnit ty ,  grams /cubic  centimeter,  at* 

wimm 

pKaara 

150*  1 F 

0  psig 

0.8659 

o.tocT 

See  NSRPL 

3,000  pa lg 

0.8756 

0.8516 

0.8335 

Annapolis  Report 

5,000  paig 

0.8818 

0.8585 

0.8414 

MAl’LAB  360 

8,000  psig 

0.8905 

o,8679 

0.8513 

).0, 000  psig 

5.8957 

0.8739 

O.858O 

15,000  paig 

0.9076 

0 . j067 

0.8720 

20, 000  paig 

0.8981 

0.8839 

laothatmal  Compressibility,  volume 

Tii  F 

VjI] 

1*#~F 

decrease,  J£,  ati 

■ 

See  NSRDL 

0  paig 

■ 

Annapolis  Report 

3,000  paig 

1.29 

1.60 

MATLAB  360 

5 ,000  ps,g 

Kin 

2.07 

2.52 

8,300  paig 

HB9I 

3.12 

3.66 

10,000  psig 

3.33 

3.75 

4  40 

15,000  paig 

4.60 

5.12 

5.94 

20,000  paig 

5.77 

6.32 

7.21 

Chamical  Stability 

Oxidation  Stability  Teat,  203*  F, 

ASTM  D-943 

hours  to  failure 

Oxidation  Stability  Teat.,  250c  F 

Fed.  Method  5300 

Hydrolytic  Stability  Test 

Military  specxfi- 

Specimen  change,  mg 

cation  M1L-H- 

Specimen  appea-ance 

19467B 

Fluid  acid  number  increase, 

mg  KDH/gram  fluid 

Water  acidity,  mg  H0H 

Insolubles,  % 

_ 

Thermal  Stability  Test 

_ 

Fire  Resistance 

Flash  Point,  °F 

215 

ASTM  P-92 

i  Fire  Point,  °F 

250 

ASTM  0-92 

Aucogeneous  Ignition  Temperature,  °F 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

MiniiAum  spontaneous  ignition 

31/66  of  March 

temperature,  °F 

1967 

Minimum  reaction  temperature 
*F 

So  indication  of  fire,  °F 

_ 

Maximum  pressure  change,  osi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  range  explored,  °F 

Miscellaneous  Properties 

Pour  Point,  * F 

<-75 

ASTM  D-57 

Forming  Tendency,  75°  F 

ASTM  P-892 

Foam  after  5-roinute  aeration, 
ml 

Time  out,  minutes 

55 

- 

1 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  KDH/gram 

0.16 

ASTM  D-974 

Water  Content,  %  by  weight 

0.011 

ASTM  D-l-44 

Neutrality,  qualitative 

- 

Fed.  Method  5101 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Met'  rd  ART- 

fibers  in  100 -m 1  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

- 

ove  r  500  m  ic  run*  te  r a 

- 

particles  over  2f>0  microm- 

- 

eters  except  fibers  (length 
ten  times  dianeter) 

Gravimetric  Value,  mg/ 100  ml 

SAE  Method  ARF - 

785 

Color 

ASTM  D - 1 500 

Cost.  $/gal 

*2  .60 

- 

Availability 

Jovt  spec 

_ _ _ _ 

- 

rna nat ions  road©  at  atmospheric  pressure,  unless  noted, 
.shown  by  weight  change,  ^Saturated  with  seawater.  ^Some  ru 


Heavy  deposits  indicate  corrosion  not 
s t  obse rved  in  sys  tern . 


! 1 ! -30 


MIL-J-5624F 


Suggested  Uses  and  Possible  Limitations 


The  fluid  covered  by  Military  Specification  MIL-J-5624F 
is  petroleum-base  jet  engine  fuel.  The  JP-5  grade  of  the  fluid 
has  been  suggested  for  deep  ocean  applications  because  of  its 
low  viscosity.  The  few  relevant  values  known  for  MIL-J-5624F 
(JP-5)  indicate  it  to  be  of  questionable  value  for  any  elec¬ 
trical  applications  because  of  low  dielectric  breakdown  volt¬ 
age.  Studies  of  diesel  fuel  as  a  lubricant  lead  to  the  pre¬ 
diction  that  JP-5  would  have  poor  lubricating  ability.  It 
lacks  corrosion  inhibiting  properties  and  is  also  highly  flam¬ 
mable. 


I II -32 


Properties  of  MIL-J-S^F,  JP-5^ 
(Petroleum  Base  Fluid) 


Viseometric  Properties 


Viscosity,  centistokes,  eti 
0  paig 
3.000  paig 
5.000  paig 
8,000  paig 
10,000  psig 
15.000  psig 
20,000  paig 


Viscosity,  centistokes,  at  -V?  F,  l6.5  max 
0  peig 

Viscosity  Slope,  ASTM 


Ball  Wear  Test,  30  min,  50  C, 
52100  steel,  average  scar  dia., 
mot 
1  kg 
3  kg 
5  kg 


See  NSRDL 
Annapolis  Report 
MATL.1B  35C 


ASTM  0-446 


Fed.  Method  650 
( modified) 


Corrosion  Protection 
~  Stirred  Rust  Teat,  10%  seawater, 
140*  F,  2  days 

On-Off  Rust  Test,  50%  seawater, 
140*  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  tost ,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  00 -A -2 50 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-ll 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
Corrosion  Test  ( 1%  seawater) , 
weight  change,  mg 

Insulated  Specimens! 

Copper 

Stainless  Steel,  3l6 
Copper-Nickel  (70-30) 
Alumin'js,  QQ-A-250  -  4b 
Phosphor-Bronze 
Steel,  galvanised 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 


ASTM  D-665 

See  Chapter  2 

Teat  C-5 

See  Chapter  2 
Test  C-l 


See  Chapter 

Test  C -2 


i  i  i  -33 


SSTtKod 


i  Tro«ioft  mtjetjji  (Cant) 

Ilectrlcaily  Coupled Specimens: 

Copper -Aluminum,  qq -a -250-11 
Aluminum  QQ-A-*50-4b  - 
Copper-Nickel  (70-30) 

None 1-3 room* 

Itainlas*  Steel  (3l6)  • 

Phoaphor -Sront* 

Silver  Base  Brating  Alloy  - 
Steel.  1004 

Aluminum  qq-a-250-11  - 

■reuse 

Aluminum  00 -A 50 -4b  - 
Steel.  1009 

20,000  PS10  Stirred  Corroeion 
Teat ,  weight  change,  eg 
insulated  Specimens i 
Copper 

Stainless  Steel,  Jl6 
Coppar -Nickel  (70-J0) 

Aluminum,  QQ -A -2 50 -4b 
Phoaphor -Bronte 
Steel,  galvanised 
Steel,  1009 
Aluminum,  00 -A -2 50-11 
Bronte 
Monel 

Silver  Base  Brating  Alloy 
Electrically  Coupled  Specimen a i 
Copper-Aluminum,  QQ-A-250- 11 
Aluminum,  QQ -A -2 50 -4b  - 
Copper -Nickel  (70 -JO) 

None  1 -Bronte 
Stainless  Steel  (Jl6)  - 
Phosphor -Bronte 
Silver  Bate  Brating  A' loy  - 
Steel,  1009 

Aluminum,  QQ -A -2 50-11  - 

Bronte 

Aluminum,  QQ -A -250 -4b  - 
Steel.  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gear* 

Bronte  Bushing* 

Corrosion  Coupons,  weight  loss, 
each,  mg/c®2 
Copper 
Aluminum 

Steel,  galvanised 
Steel,  1009 

Silver  Bate  Brating  Alloy 
Olalactrlc  Properties 

Bssittivity,  72*  F,  ohm  -cm  t  , 

At-Becoived  |4.0xl0* 

With  Sea-Mater  Contamination: 

0.l4  by  volume 
0.556  by  volume 
2.04  by  volume 
With  Carbon  Contamination: 

0.l4  wt/vol. 

0.254  wt/vol. 

0.54  wt/vol .  _ 


Sea  Chapter  2 
Teat  C-4 


Proposed  military 
specification  for 
sea-water  emulsi¬ 
fying  Oi  1* 


ASTM  D-1169  (mod¬ 
ified).  See  Chap¬ 
ter  2.  Teat  n-1 
See  Chapter  2 
Teat  E-5 


See  Chapter  2 
Teat  e-6 


i  11-34 


See  Chapter  f 
Teat  B-7 


See  Chapter  P 
Teat  E-P 
See  Chapter  f 
Teat  C-5 


See  Chapter  ? 
Teat  E-6 


ASTM  D-877  (mod- 
i  tied)  .  See  Chap 
ter  2,  Teat  E-5 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


111-35 


Volatilit 


y,  grams/cubic  centimeter 
0  psig 
’  ,  XX)  psig 
5,000  psig 
8,000  psig 
10,000  psig 
15,000  pa  ig 
20,000  pai 


Isothermal  C 


Chemical  St*bU» 

Oxidation  Stability  Test,  203*  F» 
hours  to  failure 

Oxidation  Stability  rest,  250*  F 
Hydrolytic  Stability  Test 
Specimen  change,  mg 
Specimen  appearance 
Fluid  acid  number  increase, 
mg  KOH/gram  fluid 
Mater  acidity,  mg  won 
Insolubles,  f 
Thermal  Stability  Test 
Fire  Resistance 
Flash  Point,  *F 
Fire  Point,  *F 

Autogeneous  Ignition  Temperature,  *F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  *F 
Minimum  reaction  temperature, 

*F 

No  indication  of  fire,  *F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressure  change,  *F 
Temperature  range  explored,  *F 
Miscellaneous  Properties 
Pour  Point,  “F 
Foaming  Tendency,  75*  F 

Foam  after  5-minute  aeration, 
ml 

Time  out,  minutes 
Foam  after  10-minute  settling, 
ml 

Neutralization  Number,  mg  KDH/gram 
Mater  Content,  Jt  fcy  weight 
Neutrality,  qualitative 
Contamination 

Number  and  size  of  particles  an 
fibers  in  100 -ml  fluid 
25-100  micrometers 
100-500  micrometers 
over  500  micrometers 
particles  over  250  microm¬ 
eters  except  fibers  (length 
ten  times  diameter) 
Gravimetric  Value,  mg/100  ml 
Specific  Gravity,  60/60*  F 
Color 

Cost,  ^/gal 
Availabilit 


Sec  NSI-DI. 

Annapo  I  1  s  top.  >t  I 
NATLAB  *‘.0 


Sec  NSHDI. 
Annapolis  Report 
HATLAU  J50 


ASTN  D -Of.; 

Fed.  Metl.au  5»0i: 
Military  spec; 1 i 
cation  KlL-ll- 
19A57B 


AS  TO  D-92 
ASTO  D-92 
ASTO  D-2155 
See  MEL  Report 
31/66  of  March 
1967 


ASTO  D-97 
ASTO  D-892 


ASTO  D-97^* 

ASTO  0-17^ 

Fed.  Method  ‘^101 

SAE  Method  ARP- 

598 


SAE  Method  ARP-785 
ASTO  0-150C 


availably  from  supplier 
vt  aped  1 


MIL-L-6081C,  Grade  1010 


Suggested  Uses  and  Possible  Limitation* 


The  fluid  covered  by  MIL-L-608IC  is  a  low.viscosity, 
petroleum-base  fluid  originally  developed  as  a  jet  engine 
lubricating  oil.  The  data  given  here  were  collected  on  the  1010 
grade.  The  lubricating,  electrical,  and  chemical  properties  of 
ICL-L-608IC  indicate  that  it  may  be  used  as  a  general  purpose 
fluid  for  depths  down  to  8000  feet.  All  of  its  properties 
deteriorate  rapidly  when  it  becomes  contaminated  with  seawater. 
Its  corrosion  inhibiting  properties  are  so  poor  that  ball  bear, 
ings  in  moving  machinery  rusted  in  MIL-L-608 1C  contaminated  with 
seawater.  Its  flammability  properties  are  marginal.  While  its 
initial  dielectric  properties  are  good,  it  shows  a  rapid  drop 
in  dielectric  breakdown  voltage  with  sea.water  contamination. 
This  makes  it  a  questionable  choice  for  any  electrical  appli¬ 
cation. 


in -37 


Propart  1m  of  IUt.-l,-6o8lCl 
(Patrolaua  Para  Fluid) 


rt  iaa 


Viacoelty,  cantiatokaa,  at i 
0  pa  19 
5.000  pa  19 
5.000  pa  19 
8,000  patg 

10,000  pa  19 

15.000  pa  19 

20,000  pat9 


Corrosion  froUcttw  (Cont) 

electrically  Coupled  *[>»  lae-nsi 
Coppei  -Aliaaimea,  yy-A-?‘iO-H 
Aluninua  00-A-?‘yO-4b  . 
Copper-Mlckel  (70-X) 

Nona  1  .Irout 
Staialeas  Steel  (516)  - 
rlwi^ur4ro<iif 
Stiver  Mm  Braaing  Alloy  - 
ItMl,  100* 

Q0-A-J^0-11  . 

Inan 

Aluaimaa  QQ -A -550 -4  b  - 
ItMl,  1009 

?0,000  Mia  Stirred  Corrosion 
nit,  Miekt  c Kings,  mq 
lUtlllM  IpKtMMI 

Copper 

t> v lnlsss  Stssl,  516 
Coupe  r-Mchel  (70-50) 
Aluntaun,  QQ-A-PVIJtb 
Bboe.hor-Bronae 
Steal,  galvanised 
Steel,  1009 
A:  unimaa,  QQ-A-r50-U 
B.onia 
Monel 

Silver  Mae  Bracing  Alloy 
electrically  Coupled  Specincnai 
Copper -A  1‘ein-Jis,  Qy  -A “VC  - 1 1 
A  lias  true,  Q0-A-2hC-4b  - 
Coppsr-Wickel  (70 -JO) 
•aooel-Sroflse 
Stainless  Steel  (5l6)  - 
Phosphor -B rente 
Silver  Mae  brazing  All,. 
Steal,  1009 

AluBlnua,  QQ-A-cV-U  - 

Bronze 

Altaimuo,  GU-A-T  X)  .  .b  - 

Steal.  1009 

tap  Teat 

Average  Weight  Loss,  mg 

Steel  Geara 

Bronze  Buahiny 

Corrosion  Coupons,  wr-rqht  lo  t, 
each,  eg/ car* 

Copper 

Aluninuai 

Steel,  galvanized 

Steel,  1009 

Silver  Baas  Brazing  Alloy 
Dielectric  Properties 

Maiativity,  78*  p,  ohn-c®: 

A.  -received  '  jl 

With  SaaJWater  Contaciin.it  :oni 

Ml  by  voliaae 
2  .  OS  by  vo  1  one 
With  carbe-,  Contaninat  ion  : 

0  .  IS  wt,  vol . 

o  syt  vt/vo*. 

0.5*  wt/vol  .  j 


See  chapter  r 

Teat  C-4 


iropojed  military 
sik',-1  f  icat  ion  fui 
>tt-v>u  emulsi¬ 
fying  oils 


ASTM  (  mod - 

i  f  .e.1'  .  Sec  Chap- 
'« i  ‘ .  Teat  E-l 
See  Chapter  ? 

Te.t  t-y 


5ee  Chapter 
T»*t  E-fc 


Oirlectric  Properties  (Conti 

Aftier  WWO  Else iric  Arc. 
(isskes  snd  breaks)  at  90 
''Oita,  10  aiaparaa,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  4 rap 
Dissipation  rector,  78*  r,  t 
As -Received  , 

With  Seawater  Contaainat loni 
0 . 1%  by  vo  i  use 
0,50  by  voluste 
8. 00  by  voliuae 
With  Carbon  Contasiinationi 
0 . 100  wt/vol . 

O.J50  Wt/vol. 

0  .500  wt/vol . 

After  50,000  Electric  Arcs 
(•ekes  and  breaks)  at  90 
volts,  10  tBperee,  resis¬ 
tive  load 
Hot  filtered 
Filtered 

Solids  generated,  greet 
Dielectric  Breakdown  Voltage, 
0.05- inch  gap,  75*  f,  *v 

As  received  ,  . 

With  sea-water  contamination r 


2.OC1012 

l.^lO*2 

0.70 


0.5$  by  vo  1  u»e 
2  .0^  by  vo  1  ujm 
With  carbon  contamination: 

0 . 10£  wt/vol . 

0  .25^  wt/vol . 

0 .50*  wt/vol . 

After  50,000  electric  arcs 
(makes  and  breaks)  at  )C 
volts,  10  vnperca,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  irarr\ 
Contact  Life,  si 1 ver-cadm iu« , 
volts,  10  amperes,  resistive 
load.  6000  pai.  65* -35*  F 
Number  of  teats 
Operations  to  failure 
Emulsion  Stability 

Paddle  lest,  after  1-hour  set- 

1 1 ing  i 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Teat,  time  ior 
water  separation,  min 
Hater  lal  Compatibility  Static  2C  KPS? 
Butyl 
Buna  M 
vi ton  B 

E  thy  \  «ne  -P  ropy  ler.a 

Te  t  r a  f  I uo  roe  t  h.y  \ en«  ;  Te  f  lor.  ’ 

Sseep  rtry 
lokoi 
5 i 1  icon* 


Flucrosil  i cc-rr*. 


Based  on  at^sosphen 


pressure  data. 


ASTH  D-877  {  mod  - 
1 1  i«d)  .  See  Chap¬ 
ter  ?.  Tss t  L-) 
See  Chtptsr  l1 
Tsst  E-5 


See  Chapter  ? 
Test  E-6 


See  Chapter  J 

Twst  C-3 


j  ASTH  U-14C1 


S« •  Chapter  i 
Test  E~* 
See  Chapter  : 
Test  C-? 


1 

i 

l 


s  t  1-4.0 


Volatilit 


Chemical  Stability 

Oxidation  Stability  Test,  203*  F, 
hours  to  failure 

Oxidation  Stability  Test,  250*  F 
Hydrolytic  Stability  Test 
Specimen  change,  mg 
Specimen  appearance 
Fluid  acid  number  increase, 
mg  MOR/gram  fluid 
Water  acidity,  mg  N3H 
Insolubles,  jt 
Thermal  Stability  Test 
Fire  Resistance 

Flash  Point.  °F  305 

Fire  Point,  *F  335 

Autogeneous  Ignition  Temperature, *F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  *F 
Minimum  reaction  temperature, 

*F 

So  indication  of  fire,  *F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressure  change,  *F 
Temperature  range  explored,  *F 
Miscellaneous  Properties 

Pour  Point,  “f  <-70 

Foaming  Tendency,  75*  F 

Foao  after  5-®inute  aeration, 
ml  45 

Time  out,  minutes  1 

Foam  after  10-minute  settling, 
ml 

Neutralisation  Number,  mg  KOH/'gram  o  05 

Water  Content,  %  by  eight  0.00 

Neutrality,  qualitative 
Contamination 

Number  and  sire  of  particles  and 
fibers  in  100 -ml  fluid 
25-100  micrometers 
100-500  micrometers 
over  500  micrometers 
particles  over  250  microm¬ 
eters  except  fibers  (length 
ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

Specific  gravity  at  60/60*  F  0.89 

Color 

Cost  $/gal  $0.75 

Availability  _ _ _ P°v-  3 

^Determinations  made  at  atmospheric  pressure, 
^ Heavy  deposits:  indicates  corrosion  not  she* 


-L-. 

;ed.  -^a 


Method 


See  NSRDL 
Annapolis  Report 
MATLAB  350 


See  NSRDL 
Annapolis  Report 
MATLAB  350 


ASTM  D-943 

Fed.  Method  5*08 
Military  specifi¬ 
cation  MlL-11- 
19457B 


ASTM  D-92 
ASTM  D-92 
ASTM  D-2155 

See  MEL  Report 
31/66  of  March 
1967 


ASTM  D-97 
ASTM  D-892 


ASTM  D-974 
ASTM  D-1744 
Fed.  Hethod  5101 

SAE  Hethod  ARP- 

598 


Bntiro  oil  circulating  system  clogged  with  uat. 


unless  noted.  Saturated 
by  weight  change.  ^Races 


SAE  Method  ARP-785 

ASTM-D-I298 
ASTM  D-1500 


with  seawater. 

and  balls  severely  rusted. 


I  11-41 


r~ 


Su£>pluMntery  Propartiaa  of  MIL-L-608lC(  i) 
f  Potrolaua  »«•  fluid) 


HatarUl  CoggttibiUlt 
l  ata  S 

Natural  tubi^ir 
Polyurathana 


Poor 

Poor 

flood 


*iaa«d  on  ataoaphoric  praaaura  data. 


111-42 


MIL-H-608}C 

Suggested  Uses  and  Possible  Limitations 


The  fluid  covered  by  Military  Specification  MIL-H-6083C 
i»  a  low-viscosity,  petroleum-base  fluid  which  was  developed  as 
an  aircraft  and  missile  hydraulic  system  preservative.  It  has 
the  same  viscometric  properties  as  MIL-H-5606B  fluids*  but  was 
not  intended  as  a  working  system  fluid  and  lubricant.  The 
properties  of  MIL-H-6083C  indicate  that  it  can  be  used  for  all 
mechanical  purposes  at  depths  to  20,000  foet  with  good  corro¬ 
sion  protection  and  sea-water  emulsifying  abilities.  Its 
lubricating  ability  is  marginal  and  it  is  highly  flammable. 

Low  electrical  resistivity  and  high  dissipation  factor  make  it 
a  questionable  choice  for  any  electrical  application. 


111-4} 


Properties  o t  MIl.-H-6o83c^ 
(Petroleum  |ih  Fluid) 


Viscometric  Properties 

viscosity,  high  shssr,  cs,  sti 

0  psig 

3,000  psig 

5,000  psig 

8,000  psig 

10,000  psig 

15>000  psig 

20,000  psig 

m 

100*  F 

150*  F 

Method 

See  N6R0L 

Annapolis  Report 
MATLAB  350 

30. « 

43.35 

55.28 

77.65 

101.6 

173.9 

311.7 

11.78 

15.66 

18.64 
24.30 
28.59 
42.57 

63.64 

1.2 1 
9.24 
10.75 
13.45 
14.02 
21.99 
30.30 

Viscosity,  low  shssr,  cs,  sti 

?5*  r 

100*  F 

210*  F 

0  psig 

49.00 

15.80 

9.1»o 

3(000  psig 

74.17 

21.42 

11.92 

5(000  psig 

92.71 

26.05 

14.62 

8,000  psig 

136.8 

33-94 

18.92 

10.000  psig 

175-3 

39.51 

22.13 

15.000  psig 

325.6 

61.13 

33-53 

20,000  psig 

591-2 

93-77 

48.27 

Viscosity,  centistokes,  st  210*  F, 

ASTO  0-445 

0  psig 

4.39 

Viscosity  Slops,  AS1M 

0.484 

- 

Lubricating  Ability 

4 -Ball  Wear  Test,  30  min,  50*  C, 

Fed.  Method  6503 

52100  stsel,  average  scar  dia.. 

( modi f ied) 

mm i  1  kg 

0.12 

3  kg 

0.15 

- 

5  kg 

0.16 

- 

Rolling  Contact  Fatigue  Teat,  hri 

- 

BIO  life:  Dry 

20.0 

With  1$  synthetic 

14.5 

seawater 

B50  life:  Dry 

50.6 

With  1 #  synthetic 

22.0 

aeawater(3) 

Corrosion  Protection 

Stirred  Rust  Test,  10$  seawater. 

Pazz 

ASTM  D-665 

140*  F,  2  days 

On-Off  Ru«t  Teat,  50#  seawater. 

Pa  at* 

See  Chapter  2 

140*  F,  30  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chapter  2 

stirred,  corrosion  test,  weight 

Test  C-l 

change,  mg 

Copper 

-20.5 

- 

Stainless  Steel,  316 

- 

Copper-Nickel  (70-30) 

- 

Aluminum,  QQ-A-250-4b 

- 

Phosphor -Bronze 

-15.4 

Steel,  galvanized 

-11.4 

- 

Steel,  1009 

+  0.3 

- 

Aluminum,  QQ-a-250-11 

+  0.3 

- 

Bronze 

-  8.4 

- 

Monel 

0 

- 

-liver  Base  Brazing  Alloy 

-  7.1 

20,000  PSIG  Pressure-Cycled 

See  Chapter  ? 

Corrosion  Test  ( 1$  seawater)  , 

Test  C-2 

weight  change,  mg 

Insulated  Specimens: 

Copper 

-  6.8 

- 

Stainless  Steel,  316 

0 

- 

Copper-Nickel  (70-30) 

-  0.4 

- 

Aluminum,  QQ-A-250-4b 

-  0.1 

- 

Phosphor-Bronze 

-  0.8 

- 

S tee 1 .  galvanized 

-  0.1 

- 

Steel,  1009 

-  0.2 

- 

Aluminum,  OQ-A-250-H 

-  0.1 

- 

Bronze 

-  1.0 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

rSKSHI 

- 

!  I  i  -44 


Method 

Corrosion  Protection  ^Cont) 

’  ‘ 

Electrically  Cojplad  Specimen*! 

Copper-Aluminum,  UU-A-250-11 

-  0.8 

Aluminum  00-A-250-4b  - 

-  0.2 

.. 

Copper -Nickel  (70-5C) 

Monel -Bronte 

-  0.2 

Stainless  Steel  ( ?l6)  - 

0 

Phosphor -Bronte 

Silver  Base  Brazing  Alloy  - 

-  0.5 

-0.1 

Steel,  1004 

Aluminum  QQ-A-250- 1 1  - 

-  0.1 

-0.8 

Bronze 

Aluminum  0Q-A-250-4b  - 

-  0.1 

0 

Steel,  1009 

20,000  PSIQ  Stirred  Corrosion 

(10*  IN 

rtte-) 

See  Chapter  2 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimens! 

Copper 

Stainless  Steel,  516 

Cooper-Nickel  (70-50) 

Aluminum,  Q0-A-250-4b 

Phosphor-Bronze 

-  0.6 

Steel,  galvanised 

-  0.7 

Steel,  1009 

-  0.6 

Aluminum,  QQ-A-250-11 

-  0.7 

Bronze 

-  0.4 

_ 

Monel 

-  0.6 

Silver  Base  Brazing  Alloy 

-  0.6 

.. 

Electrically  Coupled  Specimens: 

Copper -Aluminum,  uQ-A-250-11 

-0.4  -0.1 

__ 

Aluminum,  QQ-A-250-^b  - 

-0.2  -0.5 

Copper-Nickel  (70-50) 

Monel-Bronze 

+0.2  0 

* 

Stainless  Steel  (516)  - 

-0.2  -0.5 

Phosphor-Bronze 

Sliver  Base  Brazing  Alley  - 

+0.1  -0.1 

_ 

Steel,  1009 

Aluminum,  QQ-A-250-11  - 

+0.2  +o.g 

• 

Bronze 

Aluminum,  QQ-A-250-4  b  - 

+0.2  +0.8 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  weight  Loss,  mg 

specification  for 

Steel  Gears 

5 

sea -water  emu 1  si- 

Bronze  Bustlings 

5 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cm^ 

Copper 

- 

Aluminum 

_ 

Steel,  galvanized 

Steel,  1009 

_ 

Silver  Base  Brazing  Alloy 

_ 

Dielectric  Properties 

ASTM  3- 1169  i  mod- 

Resistivity,  T.  ohm-cm: 

1  f led)  .  See  Chap- 

As-Received 

4.0xl0ia 

tet  2.  Te* t  E-l 

With  Sea-Water  Contamination: 

See  Chapter  2 

0.1%  by  volume 

Teat  E-5 

0.5%  by  volume 

_ 

2 .0%  by  volume 

_ 

With  Carbon  Contau.Anat  ion  : 

See  Chapter  2 

0.1*  wt/vol. 

Teat  E-6 

0.25*  wt/vol. 

_ 

0 .5*  wt/vol . 

- 
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Dielectric  Properties  (Conti 

Mt<r  58,000  Electric  Arc* 

Sea  Chapter  2 

( ukn  and  breaks)  at  90 

Teat  E-7 

volt*,  10  amperes,  reels- 

tive  load 

Not  filtarad 

_ 

Filtered 

2.CK10*0 

Solid*  generated,  gram 

1.00 

m. 

Dissipation  Factor,  74*  ff  f 

See  Chapter  2 

A* -Received 

6.1 

Teat  E-2 

With  Saa-Watar  Contaainaticni 

(a a  chapter  2 

Teat  E-5 

C-5%  by  voluma(®) 

8-0%  by  volu»e{2) 

With  Carbon  Contaainattoni 

laa  Chapter  2 

0.10%  wt/vol. 

Test  E-6 

0  25*  wt/vol. 

0.50%  wt/vol. 

Aftar  50,00^  Electric  Area 

(makes  and  bre  ak*)  at  90 

volt*,  10  amperes,  raaia- 

tiva  load 

Not  filtarad 

10.2 

Filtarad 

1C.  7 

_ 

Solid*  generated,  gran 

_ 

Dielectric  Breakdown  Voltage, 

ASTM  D-877  (mod- 

0.05-inch  gap,  74*  pf  kv 

ified) .  See  Chap- 

As  received 

25-5 

ter  2.  Test  E-J 

with  sea-water  contamination: 

See  Chapter  2 

0.1%  by  volume 

Teat  E-5 

0.5%  by  volume 

_ 

2  .0%  by  volume 

_ 

With  carbon  contaminationi 

See  Chapter  2 

0.10%  wt/vol a 

Teat  E-6 

0.25%  wt/vol. 

_ 

0.50%  wt/vol. 

_ 

Aftar  50,000  electric  arc* 

(make*  and  breaks)  at  90 

volt*,  10  ampere* ,  re*i»- 

tive  load 

Not  filtered 

14.0 

_ 

Fil  :ar*d 

26.5 

- 

Contact  Life,  silver-cadmium,  50 

See  Chapter  2 

volt*.  10  amparaa,  reaiative 

Teat  E-8 

load,  6000  p*i,  65* -95'  F 

! 

Number  of  tests 

2 

- 

Operation*  to  i'diluru  (range) 

72-404 

Emulsion  Stability 

Paddle  Test,  aiter  1-hour  set- 

ASTM  D-1401 

t ling  1 

Oil,  mi 

40 

- 

Emulsion,  ml 

1 

- 

Water,  ml 

39 

_ 

Electric  Proba  T*sts  time  for 

20 

See  Chapter  ? 

water  aaparation,  min 

Teat  E~4 

Katarial  Compatibility  8 tat ic  20MPSI* 

Sea  Chapter  2 

Butyl 

Poor 

T*st  CO 

Buna  N 

Fair -Good 

- 

Viton  B 

Good 

- 

E thy la ne-F ropy lane 

Poor 

- 

Tetraf luc ’-oethylene  (Teflon) 

Good 

- 

Neoprene 

Fair 

- 

Thiokol 

- 

- 

Silicone 

Poor 

- 

Fluoroeilicona 

Xuat—  .. 

- 

k . . . .  . . . — - — - 

•Baaed  on  atmoepharic  pressure  data. 
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D 

a 

o 

o 

0 

0 

0 

p 

il 

p 

u 

E 

C 


i, 

E 

[ 

C 

G 


Volatility 

Toxicity 

Petroleus 

-r - - - - — 

Method 

~ 

Density,  gransA'ubie  centimeter.  ati 

a»m 

~W~T 

150*  F 

. 

0  pa  19 

muiL't'tsi 

0.8253 

Sae  N5RDL 

3,000  pslg 

0.8795 

0.8560 

0.8388 

Annapolis  Repo* t 

5,000  pslg 

0.8859 

0.8630 

0.6472 

MATUU)  350 

8,000  psig 

0.8946 

0.8729 

0.8573 

10,000  psig 

0.9003 

0.8786 

0.8680 

15.000  psig 

0.9122 

0.8915 

0.8773 

20,000  psig 

0.9029 

0.8898 

Isothansal  Compressibility,  volume 

Yr  f 

90*  t 

..  -  '  “ 

decrease,  *,  ati 

See  NS  KOI. 

0  psig 

Annapolis  Repot t 

5,000  psig 

1.10 

I.29 

1.62 

MATIAB  ?50 

5,000  piuj 

1.82 

2.06 

2.56 

8,000  psig 

2.79 

3.17 

3.74 

10,000  psig 

3.39 

3.79 

4.93 

15.000  psig 

4.65 

5.15 

5.93 

20,000  psig 

5.81 

6-33 

7.24 

Chemical  Stability 

.  .  n.-.  v 

Oxidation  Stability  Test,  TOJ*  r. 

ASTM  0-945 

hours  to  failure 

Oxidation  Stability  Test,  250*  F 

Fed.  Method  5JC6 

Hydrolytic  Stability  Teat 

Mi  1 1  tat /  spa c if:- 

Specimen  change,  mg 

cation  MIL-lf- 

Specimen  appearance 

J94‘,7B 

Fluid  acid  number  increase. 

®g  KOH/gram  fluid 

Hater  acidity,  mg  KDH 

Insolubles,  % 

Ttiarmai  Stability  Test 

Fire  Resistance 

Flash  point,  1 P 

230 

AS TM  a-9f 

Fire  Point,  “? 

235 

ASTM  0-9? 

Autcxjenaou*  Ignition  Temperature  V 

AS  TM  0-2  155 

High-Pressure  Spray  Ccxnbuator 

Sec  MEL  Report 

Minimum  spontaneous  ignition 

31/66  o'  Mu  ret. 

temperature,  °F 

1967 

Minimum  reaction  temperature. 

- 

Ho  indication  of  fire,  *F 

Maximum  preaaure  change,  pai 

_ 

Ixneeat  temperature  of  maximum 

preaaure  change,  *F 

Temperature  range  explored,  *F 

_ 

Miacellaneoua  Properties 

Pour  Point,  *F 

<-75 

ASW  D-97 

Foaming  Tendency,  75”  F 

45 

AS  TP.  D-8d? 

Foam  after  5-minute  aeration. 

_ 

ml 

Time  out,  minutes 

l 

Foam  after  10-minute  settling. 

_ 

ml 

Neutralization  Numbar,  mg  KOH/gram 

ASW  D-)7± 

Watsr  Content,  %  by  waight 

0.04? 

ASTM  d-1744 

neutrality,  qualitative 

Fed,  Method  MCI  j 

Contamination 

_ 

Humber  and  aixe  of  particles  and 

SAE  Method  ARP- 

fibars  in  100-ml  fluid 

596 

25-100  microiaatars 

_ 

10C -500  micrcssatiirs 

_ 

ovar  500  microomtsrs 

- 

particiss  ov«r  250  microm- 

:  i 

1 

etars  excapt  fibers  (length 

t 

tan  tiwas  di*»at*r) 

Gravimatric  Vslua,  mg/100  ml 

SAF  Method  ARP-785 

Specific  gravity  st  60/60*  T 

0.87 

AST*  0-1298 

Color 

AST*  D-l;0C 

Cost  $/g,l 

2.00 

- 

Aval  lab x 1 \ ty 

c«u_i£*a. 

_ L _ I 

- 

^Determination*  mad*  at  atjsoaphsri c  prasaurs.  unlsaa  nocecl.  'Saturated  with  seawater, 
^fo  rust  observed. 
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Hi»lwwmy  Prop art  tea  of  MIL-*-6065c(  ^ 


httnl 


tlbillty  withal 


Poor 


Method 


See  Chapter  2 
Teet  C-5 


*IU-«-6085C  fluid  at  1000  pal,  250  al  of  tea  (aeaaured  at  ataoapheric  praaaura  and  77*  f)  wa* 
produced  by  115,000  area,  with  no  arc  auppraealon,  at  50-volt  opart-circuit  voltage  and  5-aapere 
cloeed-circuit  currant  on  the  contact*. 


Baaed  on  ataoapheric  praaaura  data 


h.tl-l-6085* 


Suggested  Uses  and  Possible  Limitations 


Ito*  fluid  covered  by  MIL-L-6085A  is  a  synthetic -base  mate¬ 
rial  usually  consisting  mainly  ol  esters  of  dibasic  organic 
acids.  It  has  a  low  volatility  and  was  developed  for  use  as  an 
aircraft  instrument  lubricating  oil.  The  atmospheric  pressure 
viscosity  of  KIL-L-6085A  would  lead  to  the  prediction  that  it 
might  be  a  satisfactory  general-purpose  fluid  down  to  depths  of 
8000  feet.  However,  this  fluid  provides  some  limited  corrosion 
protection.  It  is  hydrolytically  unstable.  The  low  electrical 
resistivity  and  very  high  dissipation  factor  make  its  use 
questionable  around  electrical  equipment.  Before  this  oil  is 
used  in  any  application,  the  designer  should  consult  a  list  of 
compatible  materials  available  from  the  manufacturer. 
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Properties  of  KXL-t-6065* 
(Bymthetic  &&»•  fluid) 


(i) 


ViKOMtnc  Propart  iss 

Viscosity,  cant istokas,  at  1 

0  paiy 

3.000  paiy 

3.000  paiy 

8,000  pa ly 

10,000  paly 

13.000  paiy 

20 ,000  paiy 

Viacoaity,  c*ntiatokaa,  at  100*  t, 

Viacoalty,  cantiatokaa,  at  210’  F, 
0  paiy 

Viacoaity  Slop*,  Un 

RR 

10C  *  f 

Method 

Sae  NSRDL 

Annap.M11.  Report 
KATl> J-> 0 

ASTH  D-44‘y 

1^.7 

3.J1 

..  0.709 

Lubricating  Ability 

4-Ball  Wear  Teat,  30  Bln,  30’  C, 

Fed.  Hethod  6‘jC  • 

32100  atacl,  average  acar  die.. 

{ (tod  1  f  1  e  d ) 

wmt 

l  tty 

- 

3  kg 

- 

3  kg 

Corroaion  Protection 

Stirred  Rust  Test,  10%  seawater. 

AST*  D-665 

1W  F,  2  daya 

On-Off  Ruat  Teat,  50 It  icawter, 

!  See  Chapter  2  I 

140’  F,  JO  daya 

Teat  C-5 

Ambient  praaaura,  coupon 

See  Chapter  2 

atirrad,  corrc  .ion  taat,  weight 

Teat  C-l 

chang* ,  nq 

Copper 

-225-3 

- 

Sta  nlaaa  Steal,  Jl6 

0 

- 

Copper -Nickel  (70 -1/0) 

-  2.6 

- 

Aluaiinuai.  QQ-A-2i>3-4b 

-  0.2 

- 

Phoaphor-Bronae 

-  47-4 

- 

Steel,  galvanixed 

-  43.1 

- 

steel ,  1009 

-  2.4 

- 

i\luaunujH,  OQ-A-250-11 

0 

- 

Bronze 

-  je.o 

- 

Hone  1 

-  0.2 

- 

Silver  Base  Bran ntj  Alloy 

-  48.4 

!  20,000  c  S I CJ  Pres  sure -Cycled 

See  Chapter 

Correa '^n  Test  ( 1%  seawater). 

Test.  C i 

flight  change, 

i 

Insulated  Specimens i 

Copper 

- 

Stainless  Steel,  2l6 

- 

Coppe  r-B  teke  1  (70-!V3) 

- 

A 1  u*  mum ,  OC  -A  -£  ’  O  -4  -j 

: 

| 

- 

Phospho  r  -Iron*-* 

i  "  | 

Steel,  galvanised 

•  "  1 

Steel,  10:<) 

i  -  \ 

A  l  u«  iftua ,  JC  -A  -  >11 

1  -  j 

Sronxe 

i 

j  -  ! 

1 

;  - 

Sil-yr  Usee  araainq  Alloy 

... 

i  _  _  _ .i, 

_ h.. _ _ j 

Mi*  t  hoJ 


C'l'  1  1  t,n  Protect  ion  (c. >r.t ) 

K  loot  r  ica I  ly  Coupled  Spec) mens) 
Copper -Aluminum,  uy-A-850-11 
Aluminum  OQ-A-r'jO-ilb  - 
Coppci  -Nickel  (70-50) 

Mo  net -Bronx* 

Stainless  Steel  (  516)  • 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel.  1004 

Aluminum  00 -A -2 ‘,>0- 1 1  - 

Bronze 

Aluminum  00 -A  -Tt>C-4b  _ 

Steel.  1009 

80,000  PS  10  Stirred  Corrosion 
Test,  weight  change,  mu 
Insulated  Specimens) 

Copper 

St.~nr.lcss  Steel,  516 
Copper-Nickel  (70-30) 
Aluminum,  Q0-A-P^0-4b 


See  Chaptoi 

Teat  C-4 


Phospho  r-B  ronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  OQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimensi 
Copper-Aluminum,  UU-A-250-11 
Aluminum,  0Q-A -25*0 -4b  - 
Copper-Nickel  (70 -JO) 
Monel-Bronze 
Stainless  Steel  (  516)  - 
Phosphor-Bronze 
Silver  Base  Bra:*  ing  Alio.  - 

Steel.  1009 

Aluminum,  00 -A -05*0-1 1  - 
Bronze- 

Aluminum,  QO-A-2*  0  ,b  - 
Steel.  1009 
Pump  Tost 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each.  cvg/cm‘ 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  78“  F,  ohm-ems 
As -Received 

With  Seacwater  Contaminations 
0.1?  by  volume 
0.5?  by  volume 
8.0?  by  volume 
With  Carbon  Contamination) 


8 .  Ok  10® 


0.1?  vt/vol. 
0.85?  vt/vol. 
0.5?  wt/vol. 


Proposed  militaiy 
specification  for 
sea-vater  cmuls*- 
fying  oils 


AS7M  D-II69  (mod¬ 
ified).  See  Chap¬ 
ter  8  .  Test  E-l 
See  Chapter  8 
Test  E-5 


See  Chapter  8 
Test  E-6 


rties  (Cont 


After  iiO.OOO  Electric  Area 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  toad 

Not  filtered 
Fi  Itered 

Solids  generated,  gram 
Dissipation  Factor,  7b*  r,  * 
As-Received 

With  Sea-Water  Contaminat ion  1 
0.1*  by  volume 
0.5*  by  volume 
2.0*  by  volume 
With  Carbon  Contamination! 
0.10*  wt/vol. 

0.25*  wt/vol. 

0.50*  wt/vol. 

After  50,000  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  78*  F,  kv 
As  received 

With  sea-water  contamination! 
0.1*  by  volume 
0.5*  by  volume 
2.0*  by  volume 
With  carbon  contamination: 
0.10*  wt/vol. 

0.25*  wt/vol. 

C.50*  w-/vol. 

After  50,000  electric  arcs 
(stakes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes ,  resistive 

load.  6000  psi.  65* -85*  F 

Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 


Paddle  Test,  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPS 


Butyl 
Buna  N 
Viton  B 

E  thy lane -P  ropy lens 

Tetrafluoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluorosilicone  _ 


spheric  pressure  aata. 


w  w  o 


|  Me  t  hud 

Volatility 

- 

i-mvTUP 

mmm 

_ 

Density,  grants/ cubic  centimeter,  at* 

35'  r  . 

150*  F 

0  ps  19 

See  NSRDL 

3,000  pstg 

Annapolis  koport 

5.000  psig 

8,000  psig 

MATLAB  550 

10,000  psig 

15.000  p3iq 

00,000  prig 

Isothermal  Compressibility,  volume 

'  W  F 

160*'  f 

— Pj0*'T' 

decrease,  $,  at: 

See  NSRDL 

0  psig 

Annapolis  Report 

3,000  psig 

5,000  psig 

8,000  psig 

MATLAB  350 

10,000  psig 

15,000  psig 

20,000  ps ig 

liMHIMBTOB— — 

Oxidation  Stability  Test,  20}*  F, 

ASTM  D-943 

hours  to  failure 

Oxidation  Stability  Test.  250*  F 

Fed.  Method  5*08 

Hydrolytic  Stability  Test 

Military  apeciti- 

Specimen  change,  mg 

cation  MIL-11- 

Specimen  appearance 

191*  571) 

Fluid  acid  number  increase. 

mg  KDH/gram  fluid 

Water  acidity,  mg  H0H 

Insolubles, 

. 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  * F 

305 

ASTM  D-92 

Fire  point,  *F 

*•40 

ASTM  D-92 

Autogeneous  Ignition  Temperature,  *y 

ASm  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  Ignition 

31/66  of  March 

temperature,  *F 

1967 

Minimum  reaction  temperature, 

•p 

Ho  indication  of  fire,  *F 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  rano.'i  explored,  *F 

Miscellaneous  Properties 

Pour  Pcint,  bF 

<-70 

Asm  D-97 

Foaming  Tendency,  75*  F 

Asm  D-892 

Foam  after  5 -minute  aeration. 

- 

ml 

Time  out,  minutes 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  XOH/gram 

Asm  d-974 

Water  Content.  by  weight 

Asm  d-1744 

Neutrality,  qualitative 

Fed.  Method  51C1 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-ml  fluid 

598 

25-100  micrometers 

• 

100-500  micrometers 

-a 

over  500  micrometers 

• 

particles  over  250  microm- 

• 

eters  except  fibers  (length 
ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP-  78 c 

Specific  gravity  at  60/60*  F 

AST*  D-1296 

Color 

ASTM  D-1500 

Cost  $/gal 

$10.00 

- 

Availability 

gov .  spe 

- 

^Determinations  made  at  atmospheric  pressure,  unless  noted. 
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MXL-L-7Q08q 

Suggested  Uses  and  goat  Able  Limitations 


The  fluid  covered  by  WL-L-7808G  ie  a  synthetic-base  mate, 
rial.  It  was  developed  originally  as  a  lubricating  oil  for  air¬ 
craft  gas  turbine  engines.  The  atmospheric  viscosity  indicates 
that  HIL-L.78O80  would  be  a  general-purpose  fluid  with  a  depth 
capability  of  3000  feet.  This  fluid  provides  some  limited  cor. 
rosion  protection.  It  has  poor  hydrolytic  stability.  Caution 
should  be  used  in  applying  this  fluid  to  electrical  equipment 
since  its  resistivity  and  its  dissipation  factor  are  borderline, 
and  no  data  are  presently  available  under  arcing  conditions. 
Before  using  this  fluid  the  system  designer  should  consult  a 
list  of  compatible  materials  available  from  the  manufacturer. 


Properties  of  NXI.-j.-780 0F 
(Synthetic  M>«  Fluid) 


Vucoiwtuc  Properties 

Viacusity,  centistokes,  at: 
0  paig 
3.000  paig 
5.000  paig 
8,000  paig 
10,000  paig 
15,000  paig 
00,000  paig 


35*  f  1  100“  F  |  150*  F 


Sot  NSRiiL 
Annapolis  Report 
MATLA3  350 


Viscosity,  centiatokes,  at  100"  F,  17-30 
Viscosity,  cantistokes,  at  210°  F,  4.50 
0  paig 

Viscosity  Slope,  AS1M  0.62 


Lubx icatirv 


Ball  Wear  Teat,  30  min,  50°  C, 
52100  steel,  average  scar  dia.. 


ASTM  0-44  5 


Corrosion  Protection 


Stirred  Rust  Test,  10%  seawater, 
140*  F,  2  days 

On-Off  Rust  Test,  50%  seawater, 
140°  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change ,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250~4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel ,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure-Cycled 
Corrosion  Test  ( 1%  seawater) , 
weight  change,  rag 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-?50-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-li 
Bronze 
Monel 

Silver  Base  Brazing  Alio 


HKi 

MBBHi  B&&3&&* ^ 

Method 

Corrosion  Protection  ( Cont) 

BMB 

Electrically  Coupled  Spec i men u t 

- 

Copper-Aluminum,  uy -A -V' 50-11 

■ 

- 

Aluminum  QQ -A -2 ‘jO -4b  - 

_ 

Copper -Nicke  1  (70 -JO) 

Hone  1 -Bronze 

B 

_ 

Stainless  Steel  (Jl6)  - 

BHfl 

Phouphor -Bronze 

Silver  Base  Brazing  Allov  - 

- 

Steel,  1004 

Aluminum  oy-A-250-i  1  - 

_ 

Bronze 

Aluminum  90-A-250-4b  - 

_ 

Steel,  lOt  ' 

20,000  PS1G  Stirred  Corrosion 

See  Chapter  2 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimens! 

Copper 

_ 

Stainless  Steel,  Jl6 

Copper-Nickel  (70-TO) 

• 

Aluminum,  QQ-A-250-4b 

- 

Phosphor-Bronze 

_ 

Steel,  galvanized 

_ 

Steel,  1009 

Aluminum,  UQ-A-250-11 

* 

Bronze 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Electrically  Coupled  Specimens: 

Copper-Aluminum,  QG-A-250-11 

- 

Aluminum,  QO-A-2bO-4b  - 

- 

Copper -Nickel  (70-J0) 

Monel-Bronze 

- 

Stainless  Steel  (Jl6)  - 

_ 

Phosphor-Bronze 

Silver  Base  Brazing  Alio  - 

- 

Steel,  1009 

Aluminum,  C0  A-rb0-ll  - 

- 

Bronze 

Aluminum,  QQ-A~r;0-4b  - 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steal  Ge  ts 

sea -water  emu Is i- 

Bronze  Bushings 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cm^ 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Silver  Base  Blazing  Alloy 

- 

Dielectric  Properties 

ASTM  D-1169  (mod- 

Resistivity,  76°  F,  ohm-ems 

2.2xl010 

ified) .  See  Chap- 

As -Received 

cer  2.  Test  E-l 

With  Sea-Water  Contaminations 

Sec  Chapter  2 

0.1$  by  volume 

Test  E-5 

0.5$  toy  volume 

- 

2,056  by  volume 

- 

With  Csrbon  Contamination: 

See  Chapte-  2 

O.lTi  wt./vol. 

Test  E-6 

0.25?  wt/vol . 

- 

0 . 5%  wt/vo 1 . 

- 

lil-57 


Method 


Dielectric  Properties  (Cunt) 

Alte:  fib ,000  Electric  Arcs 

See  Chapter  2 

( *  i»a  and  orsaks)  at  90 

Teat  E-7 

volts,  10  amperes,  reels- 

tive  load 

Ho-  filtered 

Pilts rad 

Solids  generated,  gran 

_ 

Dissipation  rector,  76*  r,  # 

Se®  Chapter  ? 

As-Received 

5-5 

-  Teat  E-2 

Mith  Sea-Water  Contamination, 

See  Chapter  2 

0.1#  by  volume 

•  Teat  E-5 

0.5#  by  volume 

8.0#  by  volume 

With  Carbon  Contamination! 

See  Chapter  2 

0.10#  wt/vol. 

-  Tect  E-6 

0.23#  wt/vol. 

0.50#  wt/vol. 

m 

After  50.000  Electric  Arcs 

(makes  and  breaks)  at  90 

volts,  10  amperes,  resis- 

tive  load 

Hoi  filtered 

Filtered 

_ 

Solids  generated,  gram 

Dielectric  Breakdown  Voltage, 

ASTM  D-877  (mod- 

0.05 -inch  gap,  76*  r,  kv 

ified) .  See  Chap- 

As  received 

25.6 

ter  2.  Teet  Z-i 

uith  sea-water  contamination! 

See  Chapter  2 

0.1#  by  volume 

-  Teet  E-5 

0.5#  by  volume 

2.0#  by  volume 

with  carbon  contamination. 

See  Chapter  2 

0.10#  wt/vol. 

Teet  E-6 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  electric  area 

(makes  and  breaks)  at  90 

■ 

volts,  10  amperes,  resis- 

tive  load 

Hot  filtered 

Filtered 

Solids  generated,  gram 

- 

Contact  Life,  ailvsr-cadmium,  50 

See  Chapter  2 

volts,  10  amperes,  resistive 

Toot  E-8 

load.  6000  psi,  65* -85*  P 

Number  of  tests 

* 

Operations  to  failure  (range) 

Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 

ASTM  D-1401 

tling, 

Oil,  mi 

2 

_ 

Emulsion,  ml 

78 

- 

Water,  ml 

0 

_ 

Electric  Probe  Test,  time  for 

See  Chapter  2 

water  aepnration,  min 

Teet  E-4 

Materia]  Compatibility  Static  20 KPS I* 

See  Chapter  7 

Butyl 

Poor 

Teet  C-f 

Buna  N 

Fair 

- 

Viton  B 

Good 

- 

E  thy lane -P  ropy lene 

Poor 

- 

Tetrafluoroethylene  (Teflon) 

Good 

- 

Neoprene 

Poor 

- 

Thiokol 

j 

- 

Silicone 

Fair 

I 

j 

Pluoroeilicon# 

Good 

_ L 

S 

_ 1 

•Baaed  on  atmospheric  pressure  data. 
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Cot  lotion  Protection  (Cont) 

Elect  ncally  Coupled  Specimens! 
Copper  -A  1  urn  mum,  GG -A  -<  50  - 1 1 
Aluminum  (JG-A-250-4b  - 
Copper-Nickel  ( 70 -50) 

Rone l -Bronte 
Stair  let*  Steel  ( 5 1 6 )  - 
Phosphor-Bronze 
Silver  Base  Brat  ini]  Alloy  - 
Steel,  1004 

Aluminum  0G-A-250-11  - 

Bronte 

Aluninun  UU-A-250-4b  - 
Steel,  100^ 

20,000  PS1Q  Stirred  Corrosion 
Test,  weight  change,  mg 
Insulated  Spacimensi 
Copper 

Stainless  Steel,  316 
Cooper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  GQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper-Aluminum,  0G-A-250-1 1 
Aluminum,  GQ-A-250-4b  - 
Copper -Nickel  (70-30) 
Monel-Bronze 
Stainless  Steel  (316)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alio  - 
Steel,  1009 

Aluminum,  QQ-A-25C-11  - 
Bronze  j 

Aluminum,  QG-A-2'  0-4b  -  1 

Steel,  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm^ 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  7 6'  T.  ohm -cm i 
As-Rece i ved 

Wit  i  Sea-Water  Contamination: 
0.1#  by  volume 
0.5#  by  volume 
2.0#  by  volume 
With  Carbon  Contamination! 

0.1#  wt/vol . 

0.25#  wt/vol. 

0  .5#  wt/vol. 


See  Chapter 

Test  C-4 


Proposes  military] 
specification  for 
sea-water  emulsi¬ 
fying  oils 


ASTM  U-U6J  ( mod- 
i f ied) .  See  Chap¬ 
ter  2.  Test  £-1 
See  Chapter  2 
Test  £-5 


See  Chapter  2 
Test  E-6 


DtjUcUte  P 


*'tnc  Arcs 

(■•tea  and  breats)  at  90 
volts.  10  amperea,  resis¬ 
tive  load 
Mot  filtered 
Filtered 

Solid*  generated,  graa 
Dissipation  Factor,  76*  r.  % 

As •Received 

with  Sea-Water  Contaainationi 
0.1#  by  vo  1  vim 
0.5#  by  volume 
t. 0#  by  volume 
Kith  Carbon  Contaainationi 
0.10#  vrt/vol . 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  Blactric  Area 
(make a  and  breaka)  at  90 
volte,  10  amperes,  reaia- 
tive  load 
Mot  filtered 
Filtered 

Solids  generated,  gran 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  76*  F,  kv 
Aa  received 

With  sea-water  contaainationi 
0.1#  by  voluma 
0.5#  by  volume 
2.0#  by  volume 
With  carbon  contamination! 
0.10#  wt/vol. 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  electric  arcs 
(makea  and  bracks)  at  90 
volts,  10  amperea,  resis¬ 
tive  load 
Mot  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperea,  resistive 
load,  6000  psi,  65* -85*  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stabilit 


le  Teat,  after  1-hour  set. 
tlingi 
Oil,  ml 
Emulsion,  ml 

Water,  ml 

Electric  Probe  T>  t,  time  for 
water  separation,  min 
Material  Compatibility  static  20 KPS  1* 


Buty 

Buna  M 

Viton  b 

E thy 1 ene -P ropy lane 

Tetrafluoroethylene  (Teflon) 

Neoprene 

Thtokol 

Silicone 

Fluorosllicone 


* Based  on  atmoepharic  pleasure  data. 


See  Chapter  2 
Test  E-7 


See  Chapter  ? 

-  Teat  E-2 
See  Chapter  2 

-  Teat  t-5 


See  Chapter  2 
-  Test  S-6 


ASM  D-877  (mod- 
ifiad) .  See  Chap¬ 
ter  2.  Test  E 
See  Chapter  2 
-  Test  E-5 


Sec  Chapter  2 
-  Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  D.-l<*01 


See  Chapter  2 
Teat  84 
See  Chapter  2 
-  Test  C-J 
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T 

i 

i 

i 


Method 

Vo  lit llrty 

- 

Tox ic i ty 

iynt h«t  ic 

- 

Density,  >.|  rams /cub  ic  centimeter,  at: 

>•7  F 

loo*-  F 

iso*  r 

0 

See  NSRDL 

*>  , 000  psig 

Annapo  1  i  s  Rep*  i  t 

1  ,000  psig 

8,000  psig 

10,000  psig 

IS, COO  psig 

00,000  psig 

MATLAb  J-U 

Isothermal  Compress  Lb l 1 1 ty,  volume 

V,”  F 

100*  F 

1  CO*  F 

decrease,  f ,  atj 

See  NSHUL 

0  psig 

Ann.ipu  1  i  Ft  p>  i  * 

5,000  psig 

5 ,  000  psig 

8,000  psig 

MATLAb  V«- 

. 

10,000  psig 

15,000  psig 

20,000  psig 

Chemical  Stability 

Oxidation  Stability  Test,  203°  F, 

AS  TM  D-  )4  ' 

hours  to  failure 

Oxidation  Stability  Test,  ?50°  F 

Fed  .  Met  hod  l,  308 

Hydrolytic  Stability  Test 

Mi  1 1 1 ary  spec i !  -  - 

■* 

Specimen  change,  mg 

0.11 

Cut  lot:  Ml  L-li- 

Specimen  appearance 

satis  f  tie 

ig4‘  7n 

Fluid  acid  number  increase. 

0.20 

- 

mg  KOH/graro  fluid 

Water  acidity,  mg  KDH 

_ 

- 

Insolubles,  % 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  point,  "F 

415 

ASTM 

Fire  Point,  °F 

445 

A. "I'M  D-ir 

Autogeneous  Ignition  Temperature,  °f 

AS.  •  D-8 11/... 

High-Pressure  Spray  Combustor 

See  Mt.i-  Report 

Minimum  spontaneous  ignition 

31/06  i-t  March 

temperature,  °F 

V)fv 

Minimum  reaction  temperature, 

0  p 

- 

No  indication  of  fire,  F 

_ 

Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 

_ 

pressure  change,  F 

Temperature  range  explored,  °F 

_ 

Miscellaneous  Properties 

Pour  Point,  *F 

2  -40 

ASTM  D-47 

Foaming  Tendency,  7 5°  F 

ASTM  D-H'll 

Foam  after  5 -minute  aeration. 

- 

ml 

Time  out,  minutes 

Foam  after  10-minutc  settling, 

ml 

Neutralization  Number,  mg  KOH/gram 

AS  'I'M  DO  7  4 

Water  Content,  %  by  weight 

ASTM  0-1744 

Neutrality,  qualitative 

Fed.  Method  1  10  1 

1 

Contaminat ion 

- 

Number  and  size  of  particles  and 

SAF  Ml-th.  .!  API'- 

fibers  in  100 -ml  fluid 

25-100  micrometers 

- 

100-500  micrometers 

- 

<  ve  r  50C  ,n  i  c  rome  t  e  r  s 

- 

particles  over  7 50  micron- 

- 

etars  except  libers  (length 
ten  1 1 me  s  d i ame t  v r ) 

G  r a i  me  trie  Value,  mg/ H*0  ml 

SAK  M  t  ];,  {  A  tv  r  -  ' 

Specific  gravity  at  60  0J°F 

,  g 

A SI .  1  D  -  1  .8 

Color 

!  C;  t  o 

ASTM  D -  I  ‘  f  ‘ 

Oost.  {/gal 

- 

Aval  lability 

gov .  spec 

1 _ _ 

-  _ _ 

_  _ _ _ _ 

~  __ 

DoturmiiiA  ‘  tons  math?  at.  atmospheric  pressure,  unless  noted 


!  I  i  - ->9 


•ufplMMtary  frgyarttti  of  Mil.- J.-T8O0P 


Material  COMpatibility  withP 

natural  Rubber 
Polyurethane 

Rune  ( 


Poor 

Poor 

Poor 


* Meed  on  atooephcrlc  preeeur*  date. 


(1) 


!  Method 

|TT1tTnTT^H| 

t 


MIL-L-7870A 

luwifd  0— £  and  Possible  Limitations 


Wm  fluid  covered  by  the  Military  Specification  HIL-L- 
787O&  ia  a  petroleum-base  fluid  developed  for  a  low- temperature, 
general-purpose  lubricant.  The  atmospheric  pressure  viscosity 
of  KXL-L-7870*  would  lead  to  the  prediction  that  it  would  be 
suitable  for  a  general-purpose  fluid  for  depth  capability  of 
8000  feet.  Its  resistivity  is  low  and  its  dissipation  factor 
is  high,  Making  its  use  around  electrical  equipment  questionable. 
It  offers  sene  limited  corrosion  protection.  The  low  flash 
and  fire  points  indicate  that  this  fluid  is  readily  flammable. 


Properties  of  MXL-L-7870A' 
(Petroleum  kh  Fluid) 


Vi  scorns  trtc  Propertius 


Viscosity,  c  tistokss,  ati 
0  psig 
3,000  psig 
5,000  psig 

8,000  psig 
10,000  psig 
15,000  psig 
20,000  psig 


Viscosity,  centistokes,  at  100*  P 
Viscosity,  centistokes,  at  210*  F, 
0  psig 

Viscosity  Slops.  ?.STN 


Lubricating  Abilit 


Ball  Wear  Test.  30  min,  50*  C, 
52100  steel,  average  tear  dia.. 


Corrosion  Protection 

Stirred  P-.-c  Teat,  10*  seawater, 
140*  F.  V?  days 

On-Off  Rust  Test,  50*  seawater, 
140*  F.  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4» 

Phc  spho  r -Bronte 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-P.-250-11 
Bronze 
Honel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pres sure -Cycled 
Corrosion  Test  (1*  seawater), 
weight  change,  mg 

Insulated  Specimens) 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ  -A  -2  50  -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alio 


See  NSKDL 
Annapolis  Report 
HA  TLA  B  350 


ASTH  D-445 


Fed.  Method  C503 
(modified) 


AST*  D-665 

See  Chapter  2 
Teat  C-5 
See  Chapter  2 
Teat  C-l 


See  Chapter  2 
Test  C-2 


111-62 


ca 


Mi t  hud 


Cot  io->  i on  Prtvt  o.-t  tort  (Cui i O 

Mict  t  ic.itly  Coupli-.l  Si'  o: 
tVpiii-Altinimin, 


Aluminum  IA1-A-T1 :d-4b  - 
Coppe  t  -N  >  eke  1  (  70  -  *(>) 
.Hone  1  -Bronte 
Stainless  Steel  (  *  16)  - 


rhoephoi  -Bron.-r 


mens : 
‘■0-1  1 


Silver  Base  Biasing  Alloy  - 
Steel,  1004 

Aluminum  9vl  -A  -2  ‘  O  - 1 1  - 


P  ronzo 

Aluminum  QU-A-T'C-4b  - 
Steel.  ICOG 

TO, 000  PS1C  Stirred  Corrosion 
Test,  weight  change,  mg 
Insulated  Specimens! 

Copper 

Stainless  Steel,  316 
Coupe r-Nickel  (7‘O-JO) 
Aluminum,  QG-A-T',>0 -4 b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  OQ-A-2'jO-ll 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper-Aluminum,  QU  -A  -2  60  - 1 1 
Aluminum,  QO-A-2SO-4b  - 
Copper-Nickel  (70-30) 

Monel -Bronze 
Stainless  Steel  (  }16)  - 
Phosphor-Bronze 
Silver  Base  Bracing  Allc.; 
Steel,  1009 

Aluminum,  QQ-A-T'JO-1 1  - 
Bronze 

Aluminum,  QO-A-T  jO-4b  - 
Steel.  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mq/cisP 
Copper 
Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  78*F.  ohm-ems 
As -Received 

With  Sea-Mater  Contamination! 
0.1%  by  volume 
0.5#  by  volume 
2 .03?  by  volume 
With  Carbon  Contamination: 

0.1%  vt/vol. 

0.25%  vt/vol. 

0-5%  vt/vol. 


7.6xio9 


Sec  Chapter  T 

Test  C-4 


I  * 


Proposed  military 
specification  for 
sea-vater  emulsi¬ 
fying  oils 


ASTM  D-1169  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-l 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


Me  t  )i 


See  Chapter  2 
Teat  E -7 


See  Chapter  \ 
Test  E-2 
See  Chapter  2 
Test  E-b 


See  Chapter  2 
Test  E-6 


»STM  D-877  ( rr.c-d- 
ified) .  See  Chap¬ 
ter  2.  Test  E-3 
See  Chapter  2 
TeBt  E-5 


See  Chapt  ;r  2 
Test  E-6 


See  Chapter  2 
Test  E-.° 


ASTM  T  -1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


V' ; \a\  t  l  1 

Ti>\  n*itv 

l*«tro  leum 

. 

M.’lln-d 

1m  t  NS  Mil. 

Amw>p(- 1  is  1‘i’j* * 

MATlAli  * 1  1 

Set-  NSWjL 

Ann. ip:  •  l  i 

MAT  1  .Ah  *'A 

IVriM  1 1  y «-vnt  im*  t»  ik  at: 

1'  pa  t‘| 

'AV  p»i-i 

*  > . 000  j  s i  i 
:‘,000  t>:.  1  t 

10,000  psii 

1 '  ,  000  psig 

_  00.000  i—  IJ  _ _ _  _  _  . . . 

c.'lhi'trjJ  Cxr['irs>i!:iiily,  velum*- 

F 

too”  r 

I  *  0*  i 

"  V  •  "  l 

vUvn-asc,  ,  .» t  s 

0  psig 
* ,  000  ps  i  i 

*  ,000  psi  i 
{*,000  ps  1  l 

10.000  ps  I  i 

1'  ,000  I>!4  l  1 

TO, 000  psi-i 

Chemical  S ’ability 

Ox  Ida t  ion  S  t  ab  1 1 1 1  y  Tea  t ,  103'’  F , 

„STM  D-'-'i  ' 

hours  to  failure 

Oxidation  Stability  Tost,  r4Os  F 

led.  Metl.nl  ‘  *.(A 

llydroly t  ic  Stability  Tost 

Ml  J  1 1  a  1  :,p*  c  .  !  t  - 

S pec  i  me n  e ha ng « * ,  mg 

cation  KIL-li- 

Specimen  appearance 

19**' 7u 

Fluid  acid  number  increase. 

c-j  KOtl/g  ram  f  lu  i  d 

Water  acidity,  mg  KDI1 

- 

Insolubles,  '*• 

- 

Thermal  Stability  Tost 

- 

Fire  Resistance 

Flash  Point,  " F 

T8‘j 

ASTM  U-^T 

Fire  Point,  °F 

310 

A  STM  D-d: 

Autogencous  ignition  Tempo  rati*  re,  °F 

ASTM  D-2  155 

High-Pressure  Spray  Combustor 

S«  c  MLL  Report 

Minimum  spontaneous  ignition 

31/00  of  March 

temperature,  °F 

1967 

Minimum  reaction  tcmpeiature. 

- 

“F 

No  indication  of  fire,  *F 

- 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  “F 

Temperature  range  explored,  CF 

- 

Miscellaneous  Properties 

Pour  Point,  bF 

/ 

-hJ 

o 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  D-filT 

Foam  after  5-minute  aeration. 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  KDil/gram 

ASTM  D-97‘* 

Water  Content,  f  by  weight 

ASTM  0-17*1*1 

Neutrality,  qualitative 

Fed.  Method  5 KM 

Contamination 

- 

Number  ar.d  size  of  particles  and 

SAF.  Method  AKP- 

fibers  in  100 -ml  flu  •id 

598 

?5-100  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

- 

particles  over  250  microm- 

cters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP- 785 

Suecific  qravity  at  70/60“  F 

0.876 

ASTM  D-U-98 

Color 

ASTM  D-1500 

Cost  5 /gal 

.$1.30 

- 

Availability 

sov,  spec 

“ 

determinations  made  at  atmospheric  pressure,  unless  noted. 


111-65 


mil-c -8 l88c 


Suggested  Uses  and  Possible  Limitations 


The  fluid  covered  by  Military  Specification  MIL-C-8l88c 
is  a  corrosion-inhibited,  synthetic-based  oil  which  was  devel¬ 
oped  as  a  corrosion-preventive  oil  for  the  preservation  of 
engines  which  operated  on  MIL-L-7808  oil.  It  has  poor  hydro¬ 
lytic  stability.  The  viscosity  of  MIL-C-8l88c  leads  to  the 
prediction  that  it  could  be  used  at  depth  capability  of  6000 
feet.  Its  poor  dielectric  properties  make  it  unsatisfactory 
for  use  in  electrical  equipment.  Before  using  this  fluid,  the 
system  designer  should  consult  a  list  of  compatible  materials 
available  from  the  manufacturer. 


III-67 


Proper  Ucn  uf  MIL  C  HIMmO1* 
(Synthetic  base  Fluid) 


Visainwt  i  u'  |*i  i >[>*•»'  it*  a 

Visrt.s»f'(  ,  n t  i  m t v >kt* *4 ,  at; 


0 

l 

1 

,000 

pa  l 

,000 

pa  l 

8 

.  000 

pa  i 

10 

,000 

pH  1 

lb 

.000 

pa  i 

:  o 

,000 

par 

V.*  F 

iOO*  F 

I'M*  y 

Viscosity,  centistokes,  at  100° 
Visc'Sity,  centistokes,  at  210° 

0  psig 

Viscosity  Slope,  ASTM 
Lubricat  ing  Ability 

h  -Ba"l  1  Wear  Test,  30  nun,  h0°  C, 
52  100  steel,  average  scar  dia.. 


F,  14.14 

F,  }.90 

_ 0.645 


mm : 


1  kg 
3  kg 

5  kq 


Corrosion  Protection 

Stirred  Rust  Test,  0$  seawater, 
140°  F,  2  days 

On-Off  Rust  Test,  50#  se»wr.ter, 
l40°  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ -A -2  50 -4  b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  00 -A -250 -11 
Bronze 
Mono  1 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure-Cycled 
Corrosion  Tejt  (  1#  seawater), 
weight  change,  ng 

insulated  Specimens: 

Coppe  r 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  U0 -A -2 50 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel.  1009 
Aluminum,  QQ-A-P50-11 
Bronze 
Mone  1 

Silver  Base  Brazing  Alloy 


-27.6 

o 

-  g.4 
4  0.3 
-12.7 

-  1-7 

0 

+  0.2 

-  8  0 
-  1.8 
-  7-7 


M. 


I  hi.  I 


Sic  NSI'DI. 
A.‘N(1|h  1  '  I.  Hi 

MATIJUt 


ASTM  L>-44‘ 


Kill.  Method  f: 

(I'.odl  f  u-d) 


ASTM  D-666 

See  Chapter  7 

Test  C-5 

See  Chapter  2 

Test  C-l 


See  Chapter  2 

Test  C-2 


_ l- 
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un  PicSri  « 

t  *.«•»  t  u  ,t  1  iy  CVupU-d  Su  v’ir.  .  in 
vVofs.-  i  -A  f  i.-r. :  ms  ,  -A  *  A'  -  I 
A  1  am  l  i>ur-  vX  -A  *1  *  .0  -•*  h  - 
C-  *pt>«  :  -N  U'Vi-  i  (  VO  -  *0) 

M.  no  1  -B ivn.v' 

St4  T  U‘Hh  Suv  I  (  *,  16)  - 

Sllvt’t  HM.’tUi  A!  I»*v  . 

Steel.  1004 

A  I  um  l  nun  0C  -A  -1  4  O  -  I  l  - 
y  ronsc 

A 1  um  t  nun  00  -T  *.<l  -»*  t»  - 
Steel.  1C0O 

:  0.000  P?*IO  Stiircu  e\u  u>ium 
T*  st,  weight  %*h.ttM«*.  r>i 
Insulated  SpocittA -i7i : 

Cop^K  t 

Stainless  Steel.  *  1 6 
Coupe r-N toko l  ( 70  -  ^C) 

Aluminum,  00  -A  -r  ri0  -4  b 

I'hosphoi  -Bronze 

S  t  z«'  i  .  vja  1  van  i  zed 

Steel,  i00O 

A  l uta » 4 .  mi ,  vjv!  -A -0*  0-1  1 

Bronze 

Mono  1 

Stiver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 

Coppo  r  -A  l  um  i  nun ,  0 *J  -  A  -7  *.,0  - 1  1 
A 1  un  i  nun .  00  -A  -P4.  t*  -4  b  - 
Copper -N icko 1  (7C-*0) 

Monel -Bronze 
Stainless  Steel  ( * l O'  - 
Phospho r-Bronze 
Silver  D*»se  Biuztng  All*. 

Steel.  tOOl 

Aluminum.  00 -A -1,0- 11  - 
Bronze 

Aluminum,  Ov-A-1  •0-‘*b  - 
Steel,  ICC? 

Pump  Tct:t 

Averaja  Weight  Loss,  ruj 
Steel  clears 
Bronze  Bushings 

Corrosion  Coupons  weight  loss, 
each,  mg/cm* 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  10C9 

Silver  Base  Brazini  Alloy 
Dielectric  Properties 

Resistivity,  78®  F.  ohm-cm:  o 

As -Received  7.8x10° 

with  Sr*  «* -Water  Contar.ii.it ion? 

0.15?  by  volume 
0 . by  vo  1  uir.c 
c.0£  by  volume 
With  Carbon  Contaminut  on: 

0 .  ir:  wt/vol. 

wt/vol. 

0 . wt/vol . 


See  Ch  •;  4  •  1 

Teal  C-4 


Proposed  military 
specification  fei 
seri  -wr.  ter  er  u  1  r  .  - 
fying  oi Is 


ASTX  0-1)6?  (rod 
ified).  5<;o 
ter  2  .  Test 
See  Chapter 
Test  E-5 


Sec  Chapter  2 
Test  E-6 


111-69 


o  w  cv 


Sse  Chapter  2 
Test  E-7 


Ken  Chapter  2 
Tost  E-P 
See  Chapter  2 

To  it  E-5 


See  Chapter  2 
Teat  E-fi 


ASTM  D-877  (mod¬ 
ified)  ,  See  Chap 
ter  2  .  Test  E-J 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Teat  E-8 


ASTM  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-.5 


Vo  tat  :  i  1 1  y 

_TV>XU-  1  t^> 

Dcllr,ltV,  jt  IP-.i/.-Ub  u- 

C  pm-, 

1.000  psui 
‘•.000  psi  I 

8  , 000  |>ti  L  i 

1 0,1  VO  psig 
l‘.,000  psu-i 
00,000  ps  i  ( 


"  t'SM 
1,000  psig 
‘;,00 0  pmu| 
8,000  psig 

10,000  psig 
15.000  psig 
00,000  ns  i'| 


U’:l  Stab i  1  i  tv 
Oxidation  Stability  Tost,  001**  F, 
hou.'a  to  fa  i  lute 

Oxidation  Stability  Tost,  rbO*  F 
Hydrolytic  Stability  Tost 
Specimen  change,  mg 
Spec ix.cn  appearance 
Fluid  acid  number  increase, 
mg  KOH/g  ram  fluid 
Wafer  — .idity,  mg  K0!t 
Insolubles,  % 

Thermal  Stability  Test 
Fire  Resistance 


Flash  Point,  F 
Fire  Point,  °F 

Autogeneous  Igr.itioi  Tempo ru tu re, *F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  °F 
Minimum  reaction  temperature, 

”F 

No  indication  of  fire,  °F 
Maximum  pressure  change,  psi 
Lovest  temperature  oi  maximum 
pressure  change,  *F 
Temperature  range  explored,  °F 
Miscellaneous  Properties 


Pour  Point,  F 
Foaming  Tendency,  75"  F 

Foam  after  5-ittinute  aeration, 
ml 

Time  out,  minutes 

Foam  after  10-minute  settling. 


3upp  i  omontary  Properties  of  NIL  -  C-8l88c(  1 


Material  Compatibility  withf* 

Natural  Rubber 

Poor 

Polyurethane 

Poor 

Buna  S 

Poor 

"Based  on  atmospheric  pressure  data. 


Method 
See  Chapter  Z 
Teat  C-} 


I  I  1-72 


MIL-F-l'fll! 


Suggested  Uses  and  Possible  Limi tations 


The  fluid  covered  b}  Military  Spec  if icat ion  MIL-F-17111  is 
a  petroleum-base  fluid  wliich  was  developed  as  a  hydraulic  fluid 
for  ordnance  hydraulic  systems.  The  viscosity  at  atmospheric 
pressure  of  MIL-F-17111  leads  to  the  prediction  that  this  fluid 
would  be  a  satisfactory  general-purpose  fluid  to  depth  capa¬ 
bility  of  5000  feet  only.  It  provides  some  degree  of  corrosion 
protection  and  it  is  highly  flammable.  Initial  dielectric- 
properties  are  good,  but  additional  information  relating  to  its 
electrical  application  is  lr-king. 


Vise 

Vise 

0  P 

Vise 


Lubricating  Ability 

4-Ball  Wear  Test,  30  min,  50°  C, 
^2100  steel,  average  scar  dia.. 


Fed.  Method  6^03 
( modi f i ed) 


Corrosion  Protection 

Stirred  Rust  Test,  10%  seawater, 
1.4 0°  F,  2  days 

On-Off  Rust  Test,  S0%  seawater, 
l40°  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Coppe  r 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4fc 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-2^0-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PS  10  P re ssu re -Cycled 
Corrosion  Test  (1%  seawater), 
weight  change,  mg 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A  -2  SO -4  b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
A 1 urn \ num ,  QQ -A-P^O- 1 1 
Bronze 
Mono  1 

S 1 1  ve r  Baa e  B rj.  1  ng  Alloy 


A3TM  D-66^ 

See  Chapter  ? 

Test  C-5 
See  Chapter  2 

Test  C-l 


See  Chapter  2 
Test  C-2 


Uj.K.I  S;*»'**  : 

t\  _  >|>v  i  -A  l  urn  i  ma;< ,  „•%  -A  \  -  ;  l 

Alur.  m*:r  vV-A-^  0--lb  - 
Oi’pjH*i-Nu-Ki‘l  (70-^0) 

M-  IU  \  .liiatlA' 

St.nnli'9»  Stv»*t  ^  Mb)  - 


S :  1  Vv  i  B  .  e  Hm:  i r\  4  A1  U  y  - 
St*.  I.  tOO-: 

A  lu.  i  mu-!  O.  -A  -'  *  ■  •  -  M  - 
l'i\  ii /* 

A  1 un l nun  w>  -  A •?  ‘  0 -4  b  - 
S  t  i  c‘  1  .  IOC 1 

'.0,.V0  PSIG  Stirred  C»i  u-tum  (  lt>j  seawa 

To>i  9  wt*  i  |i .i  change,  ♦ 

1  n**u ! at  *, si  S?v*  o ir.vn  • : 

Coppv i  0 

St.unl<  ss  steel,  '  16  mj.i 

Copper-Nickel  (Vo-50)  +0,25 

A  t  un  i  nus ,  0v?  -A  ~r  i>0  -4  b  +0  •  1 

Phosphor -Bronze  0 

Steel,  galvanized  +0«25 

Steel,  1009  +0.2 

Alum  nun,  QC-A-OhO-l  !  +0.1 

bronze  +0.4 

Monel  +0.1 

Silver  Base  Brazuvi  Alloy  -0.3 

Electrically  Couplet!  Specimens: 

Copper -Aluminum ,  sjO-A-f’C-l  1  +0.1-0.1 
Aluminum,  00 -A -2  h0 -4  b  -  -0. 1-0.1 

Copper -N  Lcke  1  (70-/0) 

Mone 1 -B  ronze  . 1 j  0.2 

Stainless  Steel  (  ”516)  -  +0.1  0 

Phosphor-Bronze 

Silver  Base  Bracing  Allc  •  -  +0. 1+0.2 

Steel,  1009 

Aluminum,  OO-A-fLO-l l  -  0  +0.3 

Bronze 

Aluminum,  QO-A-fy0-'b  - 
Steel,  1009  -0.1  0 

pump  Test 

Average  Weight  Loss,  ng 

Steel  Gears  6 

Bronze  Bushings  25 

Corrosion  Coupons,  weight  loss, 
each ,  mg/ent* 

Copper  0.01 

Aluminum  0.03 

Steel,  galvanized  0.25 

Steel,  1009  0.05 

Silver  Base  Brazing  Alloy  0.03 

Dielectric  Properties 

Resistivity,  yy-  F>  ohm-on:  8.2xl0U 

As-Received 

With  Sea-Water  Contamination: 

0.1?  by  volume 
0.5?  by  volume 
2.0?  by  volume 
With  Carbon  Contamination: 

0.1?  wt/vo 1 . 

0.?5?  wt/vol . 

0  5®  wt/vol.  _ 


Sec  Chapin 

Test  C-l( 


-0.1  0 


Proposed  r.iliiai  , 
specification  for 
sea-wotrr  emulsi¬ 
fying  oils 


ASTM  D-II69  (mod¬ 
ified)  .  See  Chap¬ 
ter  2 .  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  ? 
Test  E-6 


111-75 


0  l*  1 1  h'  i’  i  ope rt  ies  (  Cont  ) 

A t 1  v  t  T7C5W  E  1  eol t  r"i  c  A  r  «.*  a 
(mokes  and  breaks)  at.  90 
volts,  10  amperes,  tcais- 
t  iv*»  toad 

Not  tilteieci 
F  1 1 1  ered 

Solids  generated,  ()tom 
Dissipation  Factor,  p  ^ 

As-H*vo  l  ved 

w  l  tl.  iit  d-Watu  Contaminations 
0 . I#  by  volume 
0 . Y/  by  volume 
2.0 %  by  \ o • ume 
With  Carbon  contaminations 

0.10#  wt/v  . )  , 

0.2‘>#  wt/vol. 

0.^)0#  -tft/vol* 

After  b0,000  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 


Solids  generated,  gram 
Dielectric  breakdown  Voltage, 
0.05-ir.eh  gap.  77°  F<  kv 
As  received 

With  sea-water  eontai.unati.cn: 
0.1$  by  volume 
0  . 5$  by  volume 
2  .0$  by  volume 
With  carbon  contamination: 

0 . 10$  wt/vol . 

0.25$  wt/voi. 

0.50$  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks^  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  6y  -85”  E 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

P add Is  Test,  after  1-hcur  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  .«ir. 

Material  Compatibility  Static  20KPST*! 
Butyl 
Duna  N 
Vi ton  B 

Ethylene -Propylene 
Tetraf luoroethylene  (Teflon) 
Neoprene 
Tniokol 
Silicone 
Fluorosilicone 


23.2 


X 

79 

0 


Poor 

Fair -good 
Good 
Poor 
Good 
Fair 

P-or 

_ Roar _ 


‘Based  on  atmospheric  pressure  data. 


Method 

S’..  CFapfcF  V 
Test  E-7 


See  Chapter 
Test  E -2 
See  Chapter  2 
TeBt  E-5 


See  Chapter  2 
-  Teat  t-6 


ASTM  D-877  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-3 
See  Chapter  2 
Test  E-5 


See  chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


I  i  1-76 


Vo  1  a  t  i  f.  1 1  y 

- 

Vox ic  tty 

Petroleum 

Density,  »|  rams/cub  ic  centime  tot  ,  at  i 

1‘)‘  F 

ico*  V" 

ICO*  1- 

o  psi) 

S«  e  KSKDL 

3,000  p^i'i 

Amwgxil  n  Kvp<»»  t 

,  000  P«  h| 

8,000  pnig 

MATLAIt  350 

10,000  psig 

IS, 000  psig 

00,000  psiq 

Iso thermal  Compress ibi 1 l t y,  volume 

F 

ico*  r 

i- c  r 

Joe  tease,  at: 

See  NS  Mil. 

0  psig 

Annapolis  Import 

3,000  psig 

5  ,000  psio 

! 

Mlvll All  3.50 

8,000  psig 

10,000  psig 

15,000  psiq 

00,000  psi'i 

ChonicJ l  Stability 

astm  n  -0-5 

Oxidation  Stability  Test,  LO.V  F, 

hours  to  failure 

Oxidation  Stability  Test,  250*  F 

Fed.  Method  5308 

Hydrolytic  Stability  Ti-sf 

Mil i t ary  spec! !  i - 

Spceirsen  change,  rag 

cation  H1L-II- 

Specimen  appearance 

1945711 

Fluid  acid  number  increase. 

“ 

ng  JQOH/graxr.  fluid 

Water  acidity,  mg  KOH 

_ 

Insolubles,  £ 

“* 

Thetr-il  Stability  Test 

“ 

Fire  Resistance 

Flash  Point,  *F 

>220 

ASTO  d-92 

Fire  Point,  *F 

>235 

ASTO  n-r2' 

Autoqeneous  Ignition  Temperature.*! 

ASTO  D-7155 

Hiqh-P ressure  Spray  Combustor 

See  KF.L  Report 

Minimum  spontaneous  ignition 

fl/66  of  N-irrh 

temperature,  *F 

1967 

Minimum  reaction  temperature, 

•  p 

"* 

Mo  indication  of  fire,  *F 

- 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

pressure  change ,  °F 

Temperature  range  explored,  *F 

- 

Miscellaneous  Properties 

ASTO  D-97 

Pour  Point,  “f 

<-40 

Foaming  Tendency,  75°  F 

ASTO  D-892 

Foam  after  5 -minute  aeration. 

~ 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

ml 

Neutralization  Number,  mg  KDH/gram 

ASTO  D-977* 

Water  Content.  5“  fay  weight 

0.010 

ASTO  D-1744 

Neutrality,  qualitative 

Fed.  Method  '5101 

Contaninct ion 

- 

Humber  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-ral  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

“ 

over  500  micrometers 

particles  over  250  microm- 

** 

eters  except  fibers  (length 
ten  times  diameter) 

Gravimetric  Value,  rag/100  ml 

SAE  Method  ARP -785 

Specific  gravity,  60/60*F 

Color 

0.856 

ASTM  D-1500 

Cost  $/gal 

13.00 

“ 

Availabilitv 

gov.  spec 

* 

- 

“ 

^Determinations  made  at  atmospheric  pressure,  unless  noted. 
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■upplaBantar-,  rropartiaa  of  MIL-f -17U)  ^ ^ 


- -  '  " 

Mathod 

Material  coapatihUity  witv.,i 

Saa  Chaptat  ? 

Buna  S 

Poor 

Taat  C-3 

Natural  Pv^oar 

Poor 

on  atmospheric  preaaure  data. 
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MIL-L-17672,  MS  2 1 10-TH 


Suggested  Uses  and  Possible  Limitations 


The  fT’jids  covered  by  MIL-L-17672  are  petroleum-base  fluids 
which  are  intended  for  use  as  hydraulic  fluids  and  light  steam 
turbine  lubricants.  The  fluid  described  here  is  Military  Sym¬ 
bol  (MS)  2110-TH.  Although  MIL-L-17672,  MS  2110-TH,  is  used  in 
present-day  submarines,  its  high  viscosity  eliminates  its  use 
in  most  deep  ocean  applications. 
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Properties  o(  MIL-L-17672B.  MS2110TH'  > 
(Petroleum  Baee  Fluid ) 

- i — , - - - - - 1 - » 


Viscometric  P toper ties 

Viacoh  i  ty ,  cent  iat'.kf!*,  at: 

35*  F 

100"  F 

lhC"  F 

0  pa  i.j 

338.1 

35.68 

12.69 

1,000  peiq 

620.4 

59-23 

18.71 

5,000  psig 

904.4 

79-88 

24.42 

f’.OOO  ps  ig 

1776 

125.4 

35.15 

10,000  ps  rq 

b3C2  >  1 

167.0 

44.76 

It), 000  psig 

53^.1 

80.04 

20,009  pyg 

17.400 (£/ 

660.8 

140.9 

Viscosity,  centistokes,  at  210°  F, 

5-55 

0  ps  lg 

Viscosity  Slope,  ASTM 

0.771 

Lubricating  Ability 

W 

4-Ball  Wear  Test,  50  min,  50”  C, 

Dry 

Dry 

Seawater 

1%  Seawater 

52100  steel,  average  scar  dia.. 

Dry 

Wet 

mm  j 

Dry  argon 

Oxygen 

Argon 

Wet  Oxygen 

5  kg 

0.17 

0.31 

- 

10  kg 

0.24 

- 

0.38 

0.60 

20  kg 

0.27 

0.57 

0.41 

0.64 

^0  kg 

0.72 

0.62 

0.65 

0.70 

Corrosion  Protection 

Stirred  Rust  Test,  10%  seawater. 

Pass 

l40“  F,  2  days 

On-Off  Rust  Test,  50%  seawater, 

140°  F.  JO  days 

Ambient  Pressure,  coupon 

Fail 

stirred,  corrosion  test,  weight 
change,  mg 

Copper 

-2.7 

Stainless  Steel,  316 

-0.7 

Copper-Nickel  (70-30) 

-1.7 

Aluminum,  QQ-A-250-4b 

+0.1 

Phosphor-Bronze 

-2.1 

Steel,  galvanized 

-6.5 

Steel,  1009 

0 

Aluminum,  QQ -A  -250  - 1 1 

-0.1 

Bronze 

-2.0 

Mone  1 

-0.3 

Silver  Ba^e  Brazing  Alloy 

-2.1 

20,000  PSIG  Pressure-Cycled 

Corrosion  t  ( 1#  seawater), 

weight  change,  :*■'? 

Insulated  Specimens: 

Coppe  r 

Stainless  Steel,  J-l6 
Copper-Nickel  (70-y2) 
Aluminum,  QQ-A-?f-0-4b 
Phosphor-Bronze 

Steel,  galvanized 

Steel,  1009 

Aluminum,  U0 -A -250*11 

Bronze 

Hone  1 

Silver  Pase  blazing  Alloy 

Mft  hod 


Sec  NSRDL 
Annapolis  H«-pc 
MATLAb  560 


ASTM  D-446 


Fed .  M+thod  6r 
( mod i f led) 


ASTM  D-665 

See  Chapter  p 
Test  C-5 
See  Chapter  2 
Test  C-l 


See  Chapter  7 

Test  C-P 


_ 1 


I.  l«vt  f  io.\!  Ir  Coupled  Sjieo  inn'iis 
Copper -Aluminum,  yO-A-f"  0-1 
Aluminum  CM -A -f'uO-Ab  - 
C>  ppor-N  icke  I  (70-50) 

None  l  .Humic 
Sliiinlcsa  Steel  (fit))  - 
Phosphoi  -Bfon.'i 
Silver  Base  Ht.>zui|  Alloy  - 
Steel.  1004 

Aluntnu-  C  J-A-I  SO- t  l  - 


Aluminum  yO-A-l  ‘,0  -4  b  - 
Steel.  1C09 

20,000  rsiG  stirred  Corrosion 
Test,  v<  ight  change,  mg 
Insulated  Spec  incus  1 
Copper 

Stainless  Steel,  5lC 
Copper-Nickel  (70-50) 
Aluminum.  Oy -A -250 -4  b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  lOCM 
Aluminum,  QQ-A-250-1  I 
Bronze 
Mono  l 

Sliver  Base  Brazimj  Alloy 
Electrically  Coupled  Spccimns: 
Copper-Aluminum,  Qy-A-:‘0-ll 
Aluminum,  OQ-A-260-4b  - 
Copper-Nickel  (70-’P) 

Hone 1 -Bronze 
Stainless  Steel  (516)  - 
Phosphor-Bronze 
Silver  Base  Brazimj  A1  It 
Steel.  1009 

Aluminum,  QQ-A-2(;0-l  1  - 
Bronze 

Aluminum,  OO-A-r-jC-'-b  - 
Steel.  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each ,  rng/cm^ 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 


Resistivity,  72*  F,  ohm-cmj 
As-Received 

With  Sea-Water  Contamination 
0 . 1)?  by  volume 
C. 5$  by  volume 
2.0$  by  volume  , 

With  Carbon  Contaminations^^ 
0.1$  vt/vol. 

0.25$  wt/vo  1 . 

0.5$  vt/vol • 


Sec  Chapter 
Test  C-4 


Propose.!  r  :  :  .  t  a  • 
specification  ft 
sea-water  craulsi 
lying  oils 


4.4x10 


ASH-:  D-1169  (nod 
ified).  See  Chap 
ter  2.  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 

Test  E-6 
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4 


.1  >  -  » 

Me  t  hod 

Dielerttic  Properties  (ContJ 

After  ‘>0,000  Electric  Arc* 

See  Chapter  ? 

(make*  and  b casks)  at  90 

T.st  E-7 

volt*,  !0  ampere*,  res  is- 

t 1 ve  load 

Not  filtered 

8.6xlou 

Fi lteied 

4.2xlOu 

_ 

Solid*  generated,  gram 

1.33 

_ 

Dissipation  Factor, 

See  Chapter  1 

As  -Here i ved 

1.0 

Test  E-2 

With  Sea -Water  Contaminat  ion  i 

0.9 

See  Chapter  7 

0.1#  by  volume 

-  Teat  E-5 

0  .  5#  by  vo  l  ume 

_ 

8.0 %  by  volume 

With  Carbon  Contaminat  10m 

See  Chapter  ? 

0  ,  10#  wt/vol  . 

Teat  E-6 

0  .?*?%  wt/vol  • 

l 

0.40#  wt/vol. 

_ 

After  *>0,000  Electric  Arc* 

(makes  and  bre\ks)  at  90 

volt*,  10  ampere*,  r«ai»- 

tive  load 

Not  filtered 

>.6 

_ 

F il tered 

1.2 

- 

Dielectric  Breakdown  Voltage, 

ASTM  0-877  (mod- 

0 .05- inch  gap,  72*  r,  kv 

ified)  .  See  Chap- 

As  received 

15-3 

ter  2.  Test  T.-  y 

With  sea-water  contaminat ion / 

5-5 

See  Chapter  2 

Teat  E-5 

0  •  5#  by  vo  1  ume 

_ 

£.0#  by  volume 

_ 

With  carbon  contamination: 

Soe  Chapter  ? 

0 . 10#  wt/vol . 

Test  E-6 

0.2 5#  wt/vol. 

_ 

0  .50#  wt/ vol . 

_ 

After  50,000  electric  arc* 

(make*  and  breaks)  at  90 

volts,  10  amperes,  resis- 

ti.ve  load 

Not  filtered 

10.7 

_ 

Filtered 

22.1 

- 

Solids  generated,  gram 

- 

Contact  Life,  srlver-cadmium,  50 

See  Chapter  2 

volts,  10  amperes,  resistive 

Test  e-3 

load,  6000  pur,  65" -65°  F 

Number  of  tests 

- 

Operations  to  failure  (range) 

j  Emulsion  Stability 

j  Paddle  Test,  after  1-bour  get- 

AST*  D-14C1 

|  tling: 

j  c  a,  xl 

40 

- 

E.'.ulsion,  mi 

0 

- 

|  Hater,  ml 

40 

- 

j  Electric  Probs  Test,  time  for 

18 

Ce*-  Chapte.  c 

j  v/ater  separation,  min 

Test  E-4 

j  listeria!  Compatibility'  Static  20KPSI* 

See  Chapter  7 

!  Butyl 

Poor 

j 

Test  C-3 

Buna  N 

Good 

' 

W  on  B 

Good 

! 

E thy lene-Propy lene 

?oor 

I 

Tetraf luo roethy iene  (Teflon) 

Good  j 

1 

Keep rene 

F*  ir  1 

1  ! 

1 

! 

Th.  :oko  1 

1 

i 

j 

! 

S i 1 icon* 

Fair  i 

; 

i 

1 

f luorc* : 1  icon* 

Fair _ L 

1 

_ 1  _ L 

•Based  on  atmospheric  pressure  data. 

I 


Volatility 

Tu  x  tc  1  ty 

Petroleum 

Mi*  tin  *4 1 

Density,  tjt  a0s/  cub  ic  cent  imetei  ,  at: 

V?  r 

fbo*  F 

~TW  1 

- - 

See  NSKDL 

Ann.i|.ol  in  Hvpui  t 
KATLAIl  ■*/> 

Si***  N’SHDL 

Ann.»|Mil»s  Hcimii 
HAT! AD  V-0 

0  psig 
.'.000  psig 
‘>,000  psig 

8,000  psii 

10,000  psig 

18,000  psig 
;i0,r'00  ps  i>i 

o.dfibd 

0.8958 

0.9014 

0.9092 

0.9140 

0.9213 

0.9347 

0.6632” 

0.8735 

0.8796 

0.8879 

0.8933 

0.9050 

0.915/ 

0.B58O 
0.8C56 
0.8747 
0.8805 
0.8928 
o.ooi  1 

150-  V 

Isothcimal  Conptcus tbt 1 i ty,  volume 

35"  F 

ICO'  F 

decrease,  f ,  at t 

0  psig 

3.000  psig 

8,000  psig 

8,000  psig 

10,000  psig 

18.000  psig 

20,000  psig 

1.03 
1.64 
2.48 
3.00 
4.11 
3.15  ... 

1.14 

1.80 

2.73 

3.29 

4.53 

5.62 

1.4o 

2.17 

3.19 

3.83 

5.15 

6.34 

Chemical  Stability 

Oxidation  Stability  Test,  20J’  F, 

1000+ 

ASTH  0-948 

hours  to  failure 

Oxidation  Stability  Test,  280*  F 

red.  Method  5 JOB 

Hydrolytic  Stability  Test 

Military  spec  1 •  1  - 

Specimen  change,  mg 

cation  HI L-ll- 

Specimen  appearance 

1  9457b 

luid  acid  number  increase. 

- 

mg  KDH/gram  fluid 

Water  acidity,  mg  KDH 

- 

Insolubles.  3» 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  * F 

360 

asto  0-9: 

Fire  Point,  *F 

385 

ASTM  D-9? 

Autogeneous  Ignition  Temperature,  *F 

690 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  KKL  Report 

Minimum  spontaneous  ignition 

453 

3 1/66  o'  March 

temperature,  *F 

V}f,7 

Minimum  reaction  temperature. 

425 

No  indication  of  fire,  *F 

425 

Maximum  pressure  change,  psi 

325 

- 

Lowest  temperature  of  maximum 

453 

- 

pressure  change,  °F 

Temperature  range  explored,  *F 

^25-479 

- 

Miscellaneous  Properties 

Pour  Point,  "F 

-15 

ASTM  D-97 

Foaming  Tendency,  75”  F 

40 

ASTM  D-892 

Foam  after  5-rai:iute  aeration. 

- 

ml 

Time  out,  minutes 

1 

- 

Foam  after  10-minute  settling. 

0 

- 

ml 

Neutralization  Number,  mg  KDH/gram 

0.02 

ASTM  D-974 

Water  Content,  %  by  weight 

0.015 

ASTM  D-1744 

Neutrality,  qualitative 

Neutral 

Fed.  Method  5101 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARr- 

fibers  in  100-ml  fluid 

508 

25-100  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

- 

particles  over  250  micron- 

- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP  -  78' 

Specific  gravity  at  60/60*  F 

0.86 

“ 

Color 

1.5 

ASTM  D-1500 

Cost  $/gal 

$0.60 

* 

Availability 

gov. 

- 

^Determinations  made  at  atmospheric  pressure,  unless  noted.  ^Extrapolated  value,  ''saturated  with 
seawater. 
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SupplMMntarv  of  Propartia.  of  HIL-l-17672>,  MB  ?  1 10TH 
(Patrolaua  Mil  Fluid) 


(>) 


M.t.n.1  Ccwpatlbllity  withi' 

H.thod 

S*.  Ch.pt. r  ? 

Bun.  S 

Poor 

T..t  c  5 

N.tur.l  Bubbor 

Poor 

Poiyur.th.na 

0OO<J 

•Baaad  on  atjnoapharic  praaaura  data. 
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MIL-S-21568A 


Suggested  Uses  and  Possible  Limitations 

i’he  fluid  covered  by  MIL-S-21568A  is  a  1-cs  viscosity 
dimethyl  polysiloxane  fluid.  MIL-S-21568a  has  been  superseded 
by  Federal.  Specification  W-D-001078.  Since  there  is  no  1-cs 
viscosity  fluid  covered  by  W-D-001078,  the  oldev-  spec  if '.ca¬ 
tion  which  contains  such  a  fluid  had  to  be  used.  MIL-S-21868A 
(l  cs)  is  considered  unsatisfactory  for  use  with  motors  because 
of  its  very  low  viscosity  and  poor  sea-water  emulsion  stability. 
Because  of  its  good  dielectric  properties,  as  well  as  low  vis¬ 
cosity,  it  :.s  the  best  choice  known  to  date  for  switching 
devices  and  other  nonmoving  electrical  applications. 


1 


vViu-sum  I’lotivt  u'h  (Con*) 

l.  1  t-ct  t  um  1  ]  y  C>  uplod  Sp« 

- 

CVppei  -A  l'iiii  i  miin,  0-1  1 

- 

Alvminur  iJU -A~ri»0-4b  - 

! 

Ci'Pl'ci  -Nick.-l  (70- v  ) 

! 

Mont*  1  -Bronze 

1 

Stainless  Steel  (Mb)  - 

■ 

P  ho  8  p  hoi  -Bion.'c 

Silver  Base  Bi  iz  mg  Alloy  - 

_ 

S  t  ee  l ,  100'* 

A lunu num  <J\> -A  *.»0 -11  - 

_ 

Bronze 

Aluminum  uU-A-I'H‘-4b  - 

Steel,  1009 

10,000  PS1G  Stirred  Corrosion 

St  c  Cl.aptt  i  I 

Test  ,  weight  change,  mg 

Test  C-4 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 

Copper -N lckel  (70-30) 

_ 

Aluminum,  Qw-A~?‘,>0-4 b 

Phosphor-Bronze 

_ 

Steel,  galvanized 

Steel,  100') 

_ 

Aluminum,  UO-A-CbO-11 

Bronze 

Monel 

Silver  Base  Brazing  Alloy 

_ 

Electrically  Coupled  Specimens: 

Copper -Aluminum,  Uu-A-2‘.9-ll 

- 

Aluminum,  O0-A-2r;.0-4b  . 

_ 

Copper -Nickel  (70-30) 

Monel -Bronze 

- 

Stainless  Steel  (il6)  - 

- 

Phosphor-Bronze 

Silver  Base  Brazing  Allt 

- 

Steel,  1009 

Aluminum,  OQ-A-2yO-ll  - 

- 

Bronze 

Aluminum,  QQ-A-?50-4b  - 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea -water  omuls:- 

Bronze  Bushings 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cmc 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Silver  Base  Brazing  Alloy 

** 

Dielectric  Properties 

ASTM  D-l if1'  (mod- 

Resistivity,  78“  F,  ohm-cm: 

ified) .  See  chap- 

As-Received  ,  . 

2.2x1013 

ter  2.  Test  E-l 

With  Sea-Water  Contaminat i oni 

2. 4x10^ 

Chapter  2 

' 

Test  E-5 

0 by  volume 

_ 

2 .0%  by  vo lume 

- 

With  Carbon  Contamination: 

Chapter  2 

0.1#  wt/vol. 

Test  E-6 

0.25#  wt/vol. 

- 

0  ,5#  wt/vol. 

_ 

i  _ 1 

- 
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Method 

Dielectric  properties  (Cont) 

After  5b, 866  electric  Arc* 

See  Chapter  2 

(makes  and  breaks)  at  90 
volts,  10  amperes,  resis- 

Test  E-7 

tive  load 

Not  filtered 

filtered 

_ 

Solids  generated,  gram 

- 

Dissipation  Factor,  [Qm  t,  # 

See  Chapter  ? 

Ai-Rec>sivsd 

2.0 

Teat  E-2 

With  Sea-Mater  Contaminations 

1.5 

See  Chapter  2 
-  Test  E-5 

0.5 #  by  volume 

_ 

St.O#  by  volume 

_ 

With  Carbon  Contaminations 

See  Chapter  2 

0.10#  wt/vol. 

Teat  E-6 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  Electric  Arcs 

(makes  and  breaks)  at  90 
volts,  10  amperes,  resis- 

tive  load 

Not  filtered 

Filte red 

Solids  generated,  gram 

Dielectric  Breakdown  Voltage, 

ASTM  D-877  (mod- 

0.05-inch  gap,  78*  t,  kv 

As  received  ,  . 

With  sea-water  contamination! 

26.2 

ified) .  See  Chap 
ter  2.  Test  E-3 

16.4 

See  Chapter  2 

Test  E-5 

0.5#  by  volume 

_ 

2 .0#  by  volume 

With  carbon  contamination: 

See  Chapter  2 

0.10#  wt/vol. 

Test  E-6 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  electric  arcs 

- 

(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 

_ 

Filtered 

- 

Solids  generated,  gram 

- 

Contact  Life,  silver-cadmium,  50 

See  Chapter  2 

volts.  10  amperes,  resistive 
load,  6000  psi.  65* -85°  F 

Test  E-8 

Number  of  testa 

? 

- 

Operations  to  failure  (range) 

>10,000 

Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 

ASTM  D-1401 

tling: 

Oil,  ml 

40 

- 

Emulsion,  ml 

0 

- 

Water,  ml 

40 

- 

Electric  Probe  Test,  time  for 

0 

See  Chapter  2 

water  separation,  min 

Test  E-4 

Material  Compatibility iStatic  20K  PSI 

See  Chapter  2 

Butyl 

Test  C-3 

Buna  N 

- 

Viton  B 

- 

E  thy lene -P  ropy len» 

- 

Tetrafluoroethylene  (Teflon) 

- 

Neoprene 

- 

Thxokoi 

- 

Silicone 

- 

Fluorosilicone 

- 

MI-88 


lit  1 1  it 

■\'i  .■  i  V 


.''‘V  l**»  I 
,i  VO  p‘,  1  J 
H'.iHV  ps  i  » 

1  ,000  p>  i > i 

:  o,ooo  |>s  i  i 

f  hemal  i\>mpi 

•ums*',  r,  ilt 
0  j  s  .  | 
*,000  psi  f 
1  ,000  psi'j 
d  ,000  ps  s  J 
10,000  psig 

1‘  ,0  'O  ;,S  1  J 


S l 1 icon* 

"v,TV~ 

o.Wij 

0.8099 

0.8709 

0.8844 

o.you* 

.,.9161 


1 10  1  1 1  y ,  volume* 


or  1 1  _S_- 

oYi'dTtur  Sf-.hloy  To s»t  ,  iOJ'  F, 
hl)M  i  t  <  id  i  u  It* 

0/ idut  ion  .•  'I  _■  l  ,  "'•0‘  F 

Hy  lioly  t  ic  St  .ibt  I  t  y  Test 
Spo-’in-'n  eh  .ivje„  mg 
k,  .  ij.,i  v  appearance 
|  u  ul  ac  i  J  numbe  i  i  nc  i  c  a  so , 
i  I  KOHAjtan  fluid 
Water  acidity,  mg  KDH 
Insolubles,  ? 

Thermal  Stability  Tost 
y  i  re  Resistance 
Fla  h  Pc* i nt  ,  °F 
Fire  Point,  F 

Autc  -rnoous  Ignition  Temperature,  F 
LI  igh -Pres  sure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  °F 
Minimum  reaction  temperature, 

“r 

No  indication  of  firo,  °F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressure  change,  °F 
Temperature  range  explored,  °F 
I  Miscellaneous  Properties 
Pour  Point"! 

Foaming  Tendency,  75°  F 

Foam  after  5-roinutc  aerat  ion, 
ml 

Tine  out,  minutes 
Foam  after  10-minute  settling, 
rr.l 

Kcuf  ral  L/.at  ion  Number,  mg  KOH/gram 
Water  Content,  f  by  weight 
Neutrality,  qualitative 
|  Contamination 

Murl  ,-r  and  size  of  particles  and 
fibcr.t  ir  100 -ml  fluid 
?f,-i00  micrometers 
1  v':0 -‘00  micrometers 
over  micrometers 
particles  over  2S0  microm- 
eteis  except  fibers  (tength 
ten  time?  diameter) 
iiravimet  r  ic  Value,  mg/lCD  ml 
Specific  gra’  !  ty  at  60/60° F 
C .  >  1  o  r 

Cord  £/ga  1 

Ava  i  1  al  i  1  i  ty  _ . _ 


Test,  10T< 


UT1  1 

T5.B0W 

6.818V 

0.8/  I') 

o.84  y, 
0.8916 
0.8687 
0.8840 


jV  -■) 

>.21 

/ .  79 

3.99 

4./1 

0. 19 

6.11 

9.61 

7.17 

B./o 

9.1  1 

AM5 _ 

10.99 

l1  (>  i 

<T7nm~- 

0,7916 

t ) .  ho}, 
o.  lUft 

0.844/ 
O.MCW 
‘  Yl <  "  r 


•  N!  HI  J, 

A m ;.•!  I  i  :  H 

MAT  I  Vi  "  1 


Sc  n:;w>i. 

/••line  1 
MAi  I  -A  i  '' 


l  <  ci  .  Met  •  ! 

M  i  1  i  t  .,i  p< 
•;.t  <  MJL-l! 
)  >4-  h 


as  tm  u-o;. 

ASTM  D-0" 

ASTM  D-< 

Set  Mi;L  import 

'> 1 /C6  of  March 

\Y7 


C:.M  $  /  ija  1  $99-00 

|  Ava  I  1  nl  i  1  i  ty _ _ _ |gov.  3pe<l. _ _ _ 1  _  - 1 - 

‘Determinations  made  at  atmospheric  pressure  unless  noted.  'Saturated  with  seawater. 


ASTW  D-97 
ASTM  D-fiOf 


ASTM  D-9V;‘ 

ASTM  D-l',’44 
Fed.  Method  '  K 

SAE  >  till;!  Mil  - 

998 


SA!  M<  1 hi  J  AKr- 


ASTM  0-1'  0.' 


MIL-L-23699* 

Suggested  Uses  and  Possible  Limitations 


The  fluid  described  in  Military  Specification  MXL-L- 
23699A  is  a  synthetic -base  lubricant  which  was  developed  for 
aircraft  turboprop  and  turboshaft  engines.  The  atmospheric 
pressure  viscosity  of  MIL-L-23699A  leads  to  the  prediction 
that  it  would  be  too  viscous  for  most  deep  ocean  applications. 
It  has  poor  hydrolytic  stability.  It  does  provide  some  limited 
corrosion  protection.  Dielectric  properties  have  not  been 
determined.  Before  using  this  fluid,  a  system  designer  should 
consult  a  list  of  compatible  materials  available  from  the  man¬ 
ufacturer. 


Ill -90 


*rop«rtJL#«  of  NU.-L-<?J69!M 
(Synthetic  IUs«  fluid) 


V  income  trie  Frupt? i  t  lea 

Viscosity,  cent  ib token,  at  : 
0  p?*  uj 

3,000  paig 
5,000  psig 
8,000  psuj 
10,000  pmg 
15.000  psig 
20,000  paig 


See  NSKDL 
Annapolis  <  «*p< 

HATLAB  y/J 


Viscosity,  centiatok*js,  at  100“  F, 
Viscosity,  centiatokes,  at  210°  F, 
0  psig 

Viscosity  Slope,  AST** 


Lubricating  Ability 


4 -Ball  Wear  Test,  30  min,  50  C,  t 
52100  steel,  average  scar  dia.,  | 


ASTM 


F  d.  Method  o' 
( r.iodi  f  u-d) 


Corrosion  Protection 

Stirred  Rust  Test,  10#  seawater, 
140°  F,  2  days 

On-Off  Rust  Test,  5056  seawater, 
140°  F.  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phospho  r -B  ronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure-Cycled 
Corrosion  Test  ( 156  seawater)  , 
weight  change,  mg 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4fc 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 


-0.2 

+0.1 

-0.2 

+0.5 

-0-3 

-1.5 

-186.2 

+0.2 

-0.2 

-0.1 

-0.2 


astm  d-665 

See  Chapte.  7 
Test  C-5 
See  Chap -er  2 
Test  C  O 


See  Chapter  7 
Test  C-2 
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j—  _  1 

I  Corrosion  Protection  (Cont) 

Electrically  Coupled  Specimenei 
Copper-Aluminum,  UU-A-260-11 
Aluminum  UU-A-2bO-4b  . 

Copper-Nickel  (70-30) 

Hone  1 -Bronze 
Stainless  Steel  (516)  - 
Phosphor -Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1004 

Aluminum  (JU-A-2‘j0-l  1  - 
Bronze 

Aluminum  uti-A-?50-4b  - 
S  tee  1 ,  10(59 

20,000  PS1G  Stirred  Conosion 
Test,  weight  change,  mq 
Insulated  Specimens! 

Copper 

Stainless  Steel,  316 
Copper -Nickel  (70-50) 
Aluminum,  QQ-A-?50-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steal,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens! 
Copper-Aluminum,  QQ-A-250-11 
Aluminum,  QQ-A-250-4b  - 
Copper -Nickel  (70-30) 

Monel -Bronze 
Stainless  Steel  (316)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alio'.  - 
Steel,  1009 

Aluminum,  OQ-A-250-11  - 
Bronze 

Aluminum,  QQ-A-?bO-4b  - 
Steel,  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm^ 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 


Resistivity,  F,  ohm-cm: 
As-Received 

With  Sea-Water  Contamination: 
0.1%  by  volume 
0-5%  t>y  volume 
2  .0%  by  volume 
With  Carbon  Contamination: 

0 . 1%  wt/vol . 

0.25%  wt/vol . 

0-5%  wt/vol. 


See  Chapter  2 
Teat  C-4 


Proposed  military 
specification  for 
sea-water  emulsi¬ 
fying  oils 


ASTM  D-II69  (mod¬ 
ified)  .  See  Chap¬ 
ter  2  .  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 
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Method 


Dielectric  P toper ties  (Cunt) 

i 

After  ‘>0,000  lli'ctnc  Aren 

See  Chapter 

(makes  and  breaks)  at  l)0 

Ult  E-7 

volts.  *0  amperes,  res  is- 

t \ ve  load 

Not  filtered 

F  1  It* red 

Solids  generated,  gram 

* 

Dissipation  Factor,  "F,  % 

Set*  Chapter 

As-Kece i ved 

-  Test  E-2 

With  Soa-Water  Cor  tarn  mat  ion  i 

See  Chapter 

0*1%  by  volume 

Test  E-5 

0  „  t>%  by  vo  1  uitie 

_ 

2.0!f  by  volume 

With  Carbon  Contar ination? 

See  Chapter 

0 . IC$  wt/vol . 

Test  E-6 

0  wt/vol* 

0.50*'  wt/vol. 

After  ‘>0,000  Electric  Arcs 

(makes  and  breaks)  at  00 

volts,  10  amperes,  resis- 

tive-  load 

Not  f  i  1  tered 

_ 

F 1 1 te  red 

Solids  generated,  gram 

_ 

D, electric  Breakdown  Voltage, 

A&TH  U-377  ( 

0,05  inch  gap,  °F,  kv 

i f led)  .  See 

As  received 

ter  7.  Tesl 

With  sea-water  contaminat lont 

S<rs  Chapter 

0,1%  by  vo  lurne 

Test  E-h 

by  volume 

_ 

2.0%  by  volume 

_ 

With  carbon  contaminations 

See  Chapter 

0 . 10$  wt/vol . 

Test  E-6 

0.255f  wt/vol. 

0  .  50 %  wt/vol. 

_ 

After  50.000  electric  arcs 

(makes  and  breaks)  at  90 

* 

volts,  10  ampere  :,  resis- 

tive  load 

Not  filtered 

_ 

Filtered 

_ 

Solids  ger.-ertt-fcd,  r.ram 

- 

Contact  Life,  silvet-cadmiuit,  90 

Soe  Chaptei 

volts,  10  amperes,  resistive 

| 

Ter.i  £-:} 

load,  6000  psi  65" -85'  F 

Number  of  ter*t.«i 

_ 

Operations  to  fixture  (range) 

Emulsion,  Stability 

Paddle  Test,  'after  l-h^ur  a*"'.- 

AST*  C- '.40 1 

1 1 ing  j 

Oil,  ml 

40 

( 

- 

Emulsion,  mi 

.3 

i 

_ 

Water,  ml 

40  j 

i 

i 

- 

Electric  Probe  T*-*t,.  time  lor 

| 

j 

See  Char  ex 

water  separation,  min 

J 

! 

l 

**-i.t  C-4 

Mater  ial  Compat  ibi  1  i  ty  Stafc  ic  PO-JSJ* 

i 

Chapter 

Butyl 

Poor 

i  i 

Test  C - T 

Buna  N 

r«  i-i 

i  ; 

- 

V 1 1  on  B 

“rOOd 

i  ; 

- 

£ thy lene -p ropy lene 

Poor 

- 

Tetraf luoroe thy lenr  (Teflon) 

Good 

i 

- 

Neopren** 

Poor 

- 

Th iOkol 

_ 

i 

- 

S 1 1  icon? 

r«ir 

j 

- 

F luoros  1 1 iconc 

Good - - 

_ _ 

- 

*  Based  on  atmospheric  pressure  data. 
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Vo Ut  it  lty 

Tux.  ic  1 1  y 

HHi 

■ 

Mt-Vhi  ■  1 

Oeiiiitj,  »|t  offlH/Vub u*  cent- mete i,  at  : 

35v  F 

mmm 

l‘,UT  1 

0  pslg 
*,000  p»ig 
*>,000  pslg 

3.000  pal  g 

10, (W  pa  i>) 
l‘<. 00O  psi.) 

70,000  psig 

■ 

See  NS KU I. 

Annapolis  Ki-poi  i 
MATl-Al)  '••0 

l so thermal  Compress lb i l i ty,  volume 

W  F  ■ 

TjO*  F 

See  NSKlJl. 

AnnujKilis  KepoM 
MATl-Ali  V.,0 

decrease,  ->ti 

0  psig 

1,000  pail 
,000  pai<j 

3,000  psig 

10,000  psig 

15.000  psig 

00,000  psig 

Chemical  Stability 

Oxidation  Stability  Test,  003’  F, 

ASTH 

hours  to  failure 

Oxidation  Stability  Test,  25>0*  F 

Fed.  Method  5 ’03 

Hydrolytic  Stability  Test 

Mi  1 i tary  spec i : i - 

Spec  inen  change ,  mg 

cation  MIL-11- 

Specimen  appearance 

19457b 

Fluid  acid  number  increase. 

- 

rag  KCtv^tdSi  Iluid 

Wat^r  acidity,  mg  h30H 

- 

Insolubles, 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  °F 

4g0 

AS  TO  D-92 

Fire  Point,  0F 

550 

ASTO  D-92 

Autogeneous  Ignition  Temperature,*F 

AS TO  D-f 155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature.  °F 

1967 

Minimum  reaction  temperature. 

No  indication  of  fire,  °F 

- 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  range  explored,  *F 

- 

Miscellaneous  Properties 

Pour  Point,  “F 

<-65 

ASTO  d-97 

Foaming  Tendency.  75°  F 

ASTM  0-892 

Foam  after  5-minute  aeration. 

<25 

- 

ml 

; 

Time  out,  minutes 

\n 

- 

Foam  after  10-minute  settling. 

0 

- 

ml 

Neutralization  Number,  mg  KOH/gram 

ASTO  D-9?4 

Water  Content,  £  by  weight 

ASTO  D-1741* 

Neutrality,  qualitative 

Fed.  Method  5101 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-ml  fluid 

598 

25-i,'0  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

_ 

particles  over  £50  microm- 

. 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP-78^ 

Specific  gravity  at  60/60°F 

0.978 

ASTM  D-1298 

Color 

ASTM  D-1500 

Cost  S/gal 

$4.70 

- 

Availability 

• 

^De terminations  made  at  atmospheric  pressure,  unless  noted. 
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Supplementary  Properties  of  MIL-l-?}699A 


(1) 


•  Baaed  on  atmospheric  pressure  data. 
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MIL-h-2760LA 


Suggested  Uses  and  Possible  Limitation* 


The  fluid  covered  by  MIL-F-27601A  is  a  petroleum-base 
hydraulic  fluid  developed  for  use  on  high-velocity  flight 
vehicles  whose  hydraulic  components  may  be  subjected  to  high 
temperatures.  MIL-H-27601A  is  not  suggested  for  any  deep 
ocean  applications  until  more  information  is  available.  Its 
viscosity  is  somewhat  high,  and  atmospheric  pressure  corrosion 
tests  indicate  that  the  fluid  provides  little  if  any  corrosion 
protection.  Its  dielectric  properties  have  not  been  determined. 
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Properties  of  rtIL-H-5?601A 
(Petroleum  Base  Fluid) 


I  Viscometric  Properties 

Viscosity,  cent  istok.-s,  at: 

C  psi<j 

3 ,OCO  pslg 

5.000  psl-i 

8.000  psig 

10,000  psig 

15.000  psig 

20,000  psig 

Viscosity,  centistokes,  at  100*  F. 
Viscosity,  centistokes,  at  210*  F, 
0  psig 

Viscosity  Slope,  ASTM 

55*  F 

100*  F 

150*  F 

Method 

See  NSKOt. 

Annapol  in  pi-pori 

MATIAH  *50 

ASTO  D-44j 

15.11 

3.31 

0.793 

4 -Ball  Wear  Test.  30  min.  50’  C, 

Fed,  Method  600? 

52100  steel,  average  scar  dia.. 

( modified) 

bub: 

1  kg 

. 

3  *9 

- 

5  kg 

Corrosion  Protection 

Stirred  Rust  Test,  10>  seawater. 

AST!!  d-665 

140*  F.  2  days 

On-Off  Rust  Test,  50?  seawater. 

Sec  Chanter  0 

140*  F.  30  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chapter  2 

stirred,  corrosion  test,  vciqht 

Test  C-l 

change,  mg 

Copper 

-  8.5 

- 

Stainless  Steel,  316 

+  2.3 

- 

Copper-Nickel  (70-30) 

+  6.9 

- 

Aluminum,  QQ-A-7S0-4b 

-  251.5 

- 

Phosphor-Bronze 

-  96.6 

- 

Steel,  galvanized 

- 

Steel.  1009 

- 

Aluminum,  QO-A-250-11 

- 

Bronze 

_ 

Monel 

+  1.5 

Silver  Base  Brazing  Alloy 

+  10.2 

20,000  PSIG  Pressure-Cycled 

See  Chapter  2 

Corrosion  Test  ( ljS  seawater). 

Test  C-5 

we ight  change ,  mg 

Insulated  Specimens: 

Copper 

- 

Stainless  Steel,  316 

- 

Copper-Nickel  v 70-30) 

- 

Aluminum,  QCi-A-550-4b 

- 

Pliosphor-Bronze 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Aluminum,  QQ -A -250-11 

- 

Bronze 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Corrosion  Protection  (Cont) 

Electrically  Coupled  Spec imenai 
Copper-Aluminum,  UU-A-250-11 
Aluminum  UQ-A-250-4b  - 
Copper-Nickel  (70-50) 
Monel-Bronze 
Stainless  Steel  (.516)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1004 

Aluminum  QU-A-250-11  - 

Bronze 

Aluminum  QQ-A-250-4b  - 
Steel,  1009 

20,000  PS1Q  Stirred  Corrosion 
Test,  weight  change,  mg 
Insulated  Specimenei 
Copper 

Stainless  Steel,  516 
Copper-Nickel  (70-50) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  CO  A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper-Aluminum,  QQ-A-250-11 
Aluminum,  OQ-A-250-4b  - 
Copper-Nickel  (70-30) 

Monel -bronze 
Stainless  Steel  (316)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alio  '  - 
Steel,  1009 

Aluminum,  QQ-A-2‘j0-ll  - 
Bronze 

Aluminum,  Q0 -A -250 -4b  - 
Steel,  1009 
Pump  Teat 

Average  Weigh'  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm* 

Ccpper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  E  zing  Alloy 
Dielectric  Properties 

Resistivity,  F,  ohm-cm; 

As-Rece ived 

With  Sea-Water  Contamination: 
0.1$  by  volume 
0.5$  by  volume 
2.0$  by  volume 
With  Carbon  Contamination: 

0.1$  wt/vol. 

0.25$  wt/vol. 

0.5$  wt/vol . _ _ I 


Method 


See  Chapter  2 
Test  C-4 


Proposed  military 
specification  for 
sei-water  emulsi¬ 
fying  oils 


ASTM  D-II69  (mod¬ 
ified)  .  See  Chap¬ 
ter  Z  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 


i 
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D ip  1  c a* 1 1  ic  Proper t  n  s  [eont) 

A  ft  Vi  SO, 000  Elect! ic  At os 
(makes  and  breaks)  at  go 
volt*,  H)  amperes,  n-hia- 
♦ l vo  load 

Not  filt  t»rt*d 
F i lterod 

Solids  generated,  gram 
Dissipation  Factor,  °F,  % 

As-Reee i ved 

With  Sea -Water  Contanun.it  ions 
0 , l>  by  volume 
o .ye  by  volume 
2.0#  by  vo  1  ume 
With  Carbon  Contamination! 

0 . 10#  wt/vol. 

0.P5#  wt/vol. 

0.S0‘"  wt/vol. 

After  SO, 000  Electric  Arcr 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 
Not  filtered 
Filtered 

Solidr  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  °F,  kv 
^3  received 

With  sea-water  contamination: 
0.1*  by  volume 
0.5#  by  volume 
2  .0#  by  volume 
With  carbon  contamination: 
C.10*  wt/vol. 

0.25*  wt/vol. 

0.50*  wt/vol. 

After  50.000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filte red 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65° -85°  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 
t 1 ing : 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  mm 
Material  Compatibility, Static  20K  PSI 
Butyl  ' 

Buna  N 
Vi  ton  B 

Echylene-rropylene 
Tetrafluorocthyler.e  (Teflon) 
Neoprene 
Thiokol 
S ' ! icone 

Fluoros l 1 icone  _ _ 

*  Based  on  atmospheric  pressure  data. 


See  Chapter  2 
Test  E-7 


See  Chapter  2 
Test  E-2 
Sec  Chapter  2 
Test  E-6 


See  Chapter  i 
Test  E-C 


ASTM  D-877  (mod¬ 
ified)  .  Sec-  Chap, 
ter  2.  Test  E-3 
See  Chapter  2 
Tost  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-3 


ASTM  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-5 


111-99 


A 


j 

l 

i 

j 

i 

i 

I 

j 

! 

! 

| 

j 


Volatility 

i  . 

Method 

■ 

- 

TOx  ic  i  l'y 

[Petroleui 

• 

Density,  grams/cubic  centimeter,  ati 

’“50*  F 

0  psig 

See  KSRDL 

J,000  ps i<j 

Annapolis  Report 

3,000  psig 

8,000  psig 

MATLAB  350 

10,000  psig 

15,000  psig 

20,000  ps ig 

Isothermal  Compressibility,  volume 

IMS 

TOypl 

iW~T 

decrease,  %,  att 

See  NSRDL 

0  ps  L  j 

Annapolis  Report 

3,000  psiq 

5,000  psig 

MATLAB  350 

8,000  psig 

10,000  psig 

15,000  peig 

20,000  psig 

Oxidation  Stability  Teat,  203"  F, 

ASTM  D-943 

hours  to  failure 

Oxidation  Stability  Test,  250*  F 

Fed.  Method  5*08 

Hydrolytic  Stability  Tent 

Military  spec: 1 i- 

Specimen  change,  mg 

0.01 

cation  M1L-H- 

Specimen  appearance 

Satis  fact 

>ry 

19457B 

Fluid  acid  number  increase. 

0.02 

- 

mg  ROK/gram  fluid 

Water  acidity,  mg  KDH 

0.41 

_ 

insolubles,  % 

Nil 

. 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  *F 

390 

ASTM  D-9? 

Fire  Point,  *? 

420 

ASTM  D-9? 

Autogeneous  Ignition  Temperature,*? 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

Jl/66  of  March 

temperature,  *F 

1967 

Minimum  reaction  temperature. 

- 

Ko  indication  of  fire,  *F 

_ 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  range  explored,  *F 

Miscellaneous  Properties 

Pour  Point,  *F 

<-65 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  D-89? 

Foam  after  5-minute  aeration. 

- 

ml 

Time  out,  minutes 

Foam  after  10-minute  settling. 

. 

ml 

Neutralization  Number,  mg  KDH/yr 'm 

ASTM  D-974 

Water  Content,  %  by  weight 

0.007 

ASTM  D-1744 

Neutrality,  qualitative 

Fed.  Method  5101 

Contamination 

Number  and  size  of  particles  end 

SAE  Method  ARP- 

fibers  in  100-al  fluid 

598 

25-100  micrometers 

100-500  micrometers 

i 

_ 

over  500  micrometers 

_ 

particles  over  250  raicrom- 

eters  except  fibers  (length 
ten  times  diameter) 

■ 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP-  785 

Specific  gravity  at  70/60' F 

0.844 

ASTM  D-1298 

Color 

ASTM  D-1500 

Cost  $/gal 

$65.00 

- 

Availability 

,aqy_;-»Es< 

*  . 

- 

*15*  terrains  t  ions  made  at  atmospheric  pressure,  unless  noted. 


J  ; 

i  * 


\  \ 
1  I 

L.  i 


l  * 


I  I  1-100 


mil-h-46004 


Suggested  Uses  and  Possible  Limitations 


The  fluid  described  by  MIL-H-46004  is  a  petroleum-base 
hydraulic  fluid  developed  for  use  in  missiles  where  low  tem¬ 
peratures  are  anticipated.  The  atmospheric  pressure  viscosity 
of  MIL-H-46004  indicates  that  it  might  be  satisfactory  at  a 
depth  capability  of  20,000  feet.  This  fluid  provides  no  cor¬ 
rosion  protection,  and  it  is  highly  flammable.  Its  lubrication 
and  electrical  properties  have  not  been  measured. 


Ill -102 


Vucoiwt  i  u'  P  mpci  ties 

V  i  si'om  .  t  y ,  cent  i  stokes , 
0  psiq 
5 , 00< ’  paig 
‘.,000  psiq 
8,000  psiq 
10,000  ps  uj 
1 5,000  psuj 
00,000  psivj 


Proper  tie*  ot  *IL-H~4UK>4V  ' 
(Petrolev  Bane  Flunl) 

i  i . i  ” 


See  NSKDI. 

Ann.iptj  1  i  s  H<  | 

MATLAU  V1’ 


Viscosity,  centistokes,  at  100'’  f. 
Viscosity,  centistokes,  at  2  10r*  F , 
0  ps  l'J 

Viscosity  S  lope ,  ASW 


Lubr icat mg  Ability 

U-Bal  1  Wear  Test ,  50  nun,  50°  C, 
52  100  steel,  average  scar  ciia.. 


Corrosion  Protect  u-n 

Stirrel  Rust  Te^t,  iO'T  seawater, 
140°  F,  2  days 

On-Otf  Rust  Test,  c  0v  seawater, 
140°  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-50) 
Aluminum,  00 -A -2 50 -4b 
Phosphor-Bronze 
S  tee  l ,  ja  Ivan  i  zed 
Steel,  1C  09 
Aluminum,  Osj-A-r^C-ll 
Bronze 
Hone  1 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
Corrosion  Tes  ( 1 "  seawater), 
weight  change,  m; 

Insulated  S  >e  c  ;  me  n  s  : 

Copper 

Stainlesi  Steel,  x  1  ^ 

Coppe  v  -M:- ke  l  ( 70  -  50  ; 

A 1  urci nur. ,  _A •  0  -■» fc 

Tho s pho  r  -B  r.'n re 
Steel,  gal  van  iz*d 
Steel,  iOOJ 
A  1  urn  mum  .  -A  -  -  1  1 


-  29.2 

+  0.6 

0.4 

-  152. 

-  6.8'' 
-1194.1 

-1569  •- 

-  147.8 

'  6  •  ■' 

1.5 

-  .'4.1 


AS  TO  D-44- 


Fed.  Me  t  hod  f'( 
(  nu.d  1  f  ic'd) 


ASTO  D-( 

Sec  Cha:  1  c- . 

Test  C-5 
Sec  Chapter  r 

Test  C-l 


See  C'-;v  t  • 

Test  C-Z 


S  :  : '  e  :  r a 


!  i  i  - 1 C  3 


Hat  hud 


Corrosion  Protection  (cont) 

Elect  i  leal  ly  Coupled  Specimen®! 

copper -Alum mum,  UU-A-290-11 

Aluminum  uy-A-.'90-^b  . 

Coppe r -N icke  l  (70-30) 

Hone  1 -Bronze 

Stainless  Steel  ( ^16)  - 

Phosphor-Bronze 

Silver  Base  Brazing  Alloy  - 

Steel,  10M 

Aluminum  OU-A-JhO-ll  - 

Bronze 

1 

Aluminum  QU-A-?t>0-4b  - 

Steel,  1009 

VO, 000  PSIG  Stirred  Corrosion 

See  Chapter  ? 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimensi 

Copper 

Stainless  Steel,  316 

Copper-Nickel  (70-30) 

Aluminum.  (J0-A-250-4b 

Phosphor-Bronze 

Steel,  galvanized 

Steel,  1009 

Aluminum,  qu_a-260-11 

Bronze 

Monel 

Silver  Base  Brazing  Alloy 

Electrically  Coupled  Specimens: 

Copper-Aluminum,  QQ-A-250-ll 

Aluminum,  QQ-A-250~4b  - 

Copper-Nickal  (70-30) 

Monel -Bronze 

Stainless  Steel  ( 316)  - 

Phosphor-Bronze 

Silver  Baae  Brazing  Allov  - 

- 

Steel,  1009 

Aluminum.  QQ-A-S^O-ll  - 

_ 

Bronze 

Aluminum,  OQ-A-250-4b  _ 

_ 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea-water  emulsi- 

Bronze  Bushings 

fying  oils 

Corrosion  Coupons,  weight  loss. 

each,  rog/cm^ 

Copper 

_ 

Alum  mum 

_ 

Steel,  galvanized 

_ 

Steel,  1009 

_ 

Silver  Base  Brazing  Alloy 

_ 

Dielectric  Properties 

ASTM  0-1169  (mod- 

Resistivity,  *F,  ohm -cm: 

lfied  .  See  Chap- 

As -Rece i ved 

ter  2  ,  Test  E-l 

With  Sea-Water  Contamination: 

Chapter  2 

0 . \f  by  volume 

Test  E-5 

0 . 54  by  volume 

_ 

7  .04  by  volume 

_ 

With  Carbon  Contamination: 

Chapter  2 

0.1*  wt/vol. 

Test  e-6 

0  wt  vo  1  . 

i 

0 . ^4  wt - vo l . 

I 

- — - — —  - L. 

_ i 

I 

*1 

I !  i 

.j  | 


!  t  i  -104 


Met  hex) 


Dielectric  Properties  (Cent) 

rn~t  w.c&r  E  lect  t  to  Arc* 
(make*  and  break*}  at  90 
volt*,  *0  ampere*,  rests. 

1 1  vi*  load 

Not  filtered 
F  titered 

Suite-..  generated,  gram 
Disnipatton  Factor,  *F,  % 
As-Received 

With  Sea-Water  Cent  am  mat  lonj 
0.1%  by  volume 
0.5%  by  volume 
2.0%  by  volume 
With  Carbon  Con  tart  mat  ion  t 
0.10%  wt/vol. 

0.1'5%  wt/vol. 

0.50%  wt/vol. 

After  50,000  Electric  Arc* 
(makes  and  break*}  at  90 
volts,  10  ampere*,  resia- 
t i ve  load 

Not  filtered 
Filtereo 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05- inch  gap.  *F,  kv 
As  received 

With  sea-water  contamination! 
0.1%  by  volume 
0.5%  by  volume 
2.0%  by  volume 
With  carbon  contamination: 

0. 10%  wt/vol. 

0.25%  wt/vol. 

0.50%  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks}  at  90 
volts.  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load.  6000  psi,  65* -85"  F 
Number  of*  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling: 


Sec  Chapter  2 
Test  E-7 


Sec  Chapter  ? 
-  Test  E-? 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-0 


ASTM  D-%77  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-3 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
-  Test  E-6 


See  Chapter  2 
Test  E-3 


ASTM  D-1401 


Oil,  ml 
Essilsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
'ate rial  Compatibility  Static  20KPST1 
Butyl 
Buna  N 
Viton  B 

Ethylene-Propylene 
Tetrafluoroethylene  (Teflon) 
Neoprene 
Thiokol 
S i 1 icone 

Fluorosilicone _ _ _ 


40 

0 

40 


Poor 

Good 

Good 

Poor 

Good 

Fair 

Fair 

Fair, 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


*  Based  on  atmospheric  pressure  data. 


I  I  1-105 


Method 


Toxic  it 


Pen*  tty .  grams/cubic  centra 
0  pa  ig 
5,000  pai<) 

5,000  p»i g 
8,000  psig 
10,000  p*ig 
15,000  psig 
20.000  psig 


■  ter,  att 


|») 


EC  mTgpcBitmi 


Oxidation  Stability  Test,  205*  F. 
hours  to  failure 

Oxidation  stability  Teat,  250*  P 
Hydrolytic  Stability  Teat 
Speciaen  change,  mg 
Specimen  appearance 
Fluid  acid  number  increase, 
mg  HOH/gram  fluid 
Water  acidity,  mg  XOH 
Insolubles,  % 

Thermal  Stability  Test 
Fire  Resistance 

Flash  Point,  *F  210 

Fire  Point,  *F  220 

Autogeneous  Ignition  Temperature,** 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
tesgierature,  *F 
Minimum  reaction  temperature, 

*F 

Ho  indication  of  fire,  *F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressure  change,  *F 
Temperature  range  explored,  *P 
Miscellaneous  Properties 

<-75 


See  NSKDL 
Annapolis  Hipori 
MAT1AB  550 


Sue  NSRPL 
Annapolis  Report 
HATLAB  550 


ASTM  D-945 

Fed.  Method  5  JOB 
Military  spcci 1 1  - 

cation  Ml  I _ 11- 

19*5711 


ASTM  D-92 
ASTM  D-92 

ASTM  D-2155 
See  MEL  Report 
51/66  of  March 
1967 


as™  d-97 
ASTM  D-892 


ASTO  D-974 
as™  D-1744 

Fed.  Method  5101 
SAE  Method  ARP- 

596 


0.850 

$2.00 


determinations  aside  at  atmospheric  pressure,  unless  noted, 
not  shown  by  weight  change. 


SAE  Method  ARP-  791 

ASTO  D-1298 
ASTO  0-1500 


Heavy  deposits  indicates  corrosion 


1 11-106 


guppieaantary  propoitiaa  of  MIL-H-46004 


OWtll  CowatlblHty  with ■' 

lUM  • 

natural  Kvibbar 
lelywtOiiM 

*  *aa*d  on  ataoapharie  praaaura  data 


Poor 

Poor 

Good 


111-107 


mil-h-8io  19b 


Suggested  Uses  and  Possible  Limitat ions 


The  fluid  covered  by  MIL-H-81019B  is  a  petroleum-base 
hydraulic  fluid  for  use  in  aircraft,  missiles,  and  ordnance 
hyaraulic  systems  in  the  -90°  to  +210°  F  temperature  range. 
M1L-H-81019B  appears  to  have  properties  for  use  at  great  depth. 
Its  viscosity  appears  to  be  too  low  at  atmospheric  pressure  for 
use  as  a  general-purpose  lubricant.  It  provides  some  degree 
of  corrosion  inhibition,  and  it  is  highly  flammable.  Initial 
dielectric  properties  are  good,  but  additional  information 
relating  to  electrical  applications  is  lacking. 


V i icoan t r tc  P rope rtiey 

Viscosity,  cent  i  jtoki-.i,  at  i 
0  psig 
3,000  psig 
5,000  psig 
8 ,  OOO  p*  ig 
10,000  psig 
15,000  psig 
1*0,000  psig 


Properties  of  M1L-H-81019B 
(Petroleum  Base  Fluid) 


<5*  F  100*  F  15C* 


Viscosity,  centistokes.  at  100*  P, 
Viscosity,  centistokes,  at  210*  F, 
0  pa  ig 

Viaooaity  Slope,  ASTO 


Lubricating  Ability 

4-Ball  wear  Test,  30  min,  50*  C, 
52100  steel,  average  scar  dia., 
man 
1  kg 

3  kg 
5  kg 


Corrosion  protection 

Stirred  Rust  Teat,  10$  seawater, 
140*  F,  2  days 

On-Off  Rust  test,  50$  seawater, 
140*  F.  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  CXI -A -2 50 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel.  1009 
Aluminum.  QQ-A-2 50-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
Corrosion  Test  (1$  seawater), 
weight  change,  mg 

Insulated  Specimens i 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
j  Steel,  1009 

Aluminum,  QQ-A-250-11 

Bronze 

Monel 

Silver  Base  Brazing  Alloy 


See  NSkbl. 
Annapolis  heport 
MATLAU  350 


ASTO  D-445 


Fed.  Method  650 3 
(modified) 


AS TO  D-655 

See  Chapter  ? 

Test  C-5 
See  Chapter  2 
Test  C-l 


1  I  1-109 


p.' 

I.- 


■■■■ 

mmm 

Me  1  hi  id 

Corrosion  Protection  (Conti 

Slee'trically  Coupl'id  Spec inane i 

- 

Copper-Alunrnun,  QQ -A -200 -11 

- 

Aluninua  QO-A-£50-4b  • 

. 

Copper -Hicks  1  (70-30) 

ttonel-Bronts 

. 

Stainless  Steal  (316)  - 

. 

Phospho r -Iron se 

Silver  Base  Brating  Alloy  - 

- 

Steel,  1004 

Alueima  0Q-A-S5O -11  - 

Bronte 

Alutun.ua  QQ-A-?50-4b  - 

Steel.  1009 

80,000  N10  Stirred  Corrosion 

See  chapter  ? 

Vest,  weight  change,  ag 

Test  C-4 

Insulated  Spec  inane i 

Copper 

- 

Stainless  Ste  1,  3l6 

• 

Copper-nickel  (70-30) 

- 

Alunimm,  0Q-A-8^0-4b 

- 

Phcaphor-Bronee 

- 

Steel,  galvenixad 

- 

Steel,  10C9 

\ 

- 

Aluninun,  QQ-a-250-11 

- 

Bronsa 

- 

Konel 

- 

Silver  Base  Bracing  A>  oy 

- 

Electrically  Coupled  Specimens* 

Copper-Aluainuai,  QQ-A-250-11 

- 

Alueinua,  QQ-h-S50-4b  - 

- 

*  Copyes -Hickel  (70-30) 

-tone -Sreniw 

- 

j  Stainless  St*«i  (316)  -  * 

- 

j  Phosphor -Sr on* a 

1  Silver  Bass  Brar.inq  Alloy  - 

- 

Steal ,  1009 

Alminun,  QQ -A- 2^0-11  - 

- 

B rons* 

‘ 

Aluninun.  OQ~\-2t>0-4b 

Steel,  lOOS 

hap  Tact 

Proposed  military 

Average  Height  Loss,  *3 

specification  for 

S  tea  I  Geers 

sea-water  emulsi- 

Sronea  Bu.hinge 

fying  oils 

Corrosion  Coupons,  wight  loss. 

each,  ng/c»2 

Coppe- 

- 

Aluninun 

1 

Steel,  qal  van  iced 

| 

Steel,  1009 

j 

Srlver  Bate  Brasmg  Alloy 

! 

| 

Dielectric  Properties 

AST*  0-1169  (tried-. 

Resistivity,  76’  p.  oh*-cs»: 

2.6*10 

ified).  See  Chap- J 

Aa 

ter  ?-  Test  E-l  j 

With  See-Hater  Contain  rest  ion  * 

Chapter  2 

0.1)<  by  volume 

1 

Teat  E-S  ! 

0.5^  by  volua* 

i 

2.0 %  by  voIubm 

i 

With  '•arbon  Contamination: 

Chapter  2  ! 

O.i:-  vt/vol. 

Test  E-6 

0.25^  wt/voi. 

j 

0  vt/voi  . 

j 

p 

Lj 


i  1  1-110 


Did  »c trie  P rope 1 1 lfs  (Coni) 

After  50,000  Electric Arc* 
{makes  an.1  breaks)  at  90 
volts,  ?0  amperes,  resis¬ 
tive  load 

N't  f  i  1  tercd 


Fi  Itered 


Solids  generated,  gram 
Dissipation  Factor,  76  *F,  % 
A*-Rece i ved 


1.3 


With  Sea-Water  Contain  mat  ion  1 
0.1%  by  volume 
0.5%  by  volume 
2.0%  by  volume 
With  Carbon  Contaminat  iom 
0 . 10$  wt/vol . 

0 .?5:'  wt/vol. 

0.50%  wt/vol. 

After  50,000  Electric  Arc* 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis* 
t ive  load 

Not  filtered 
Filtered 

Solids  generated,  g ram 
Dielectric  Breakdown  Voltage, 

0.05 -inch  gap.  76  *F  kv 
As  rece ived 

With  sea-water  contamination! 
0.1%  by  volume 
0.556  by  volume 
2.0%  by  volume 
With  carbon  contamination! 
0.10%  wt/vol. 

0.25%  wt/vol. 

0.50%  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium.  50 
volts,  10  amperes,  resistive 

load.  6000  psi,  65* -65*  F 

Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after .1-hour  set¬ 
tling:^- — " 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI* 
Butyl 
Buna  N 
Viton  B 

Ethylene -Propylene 

Tetrafluoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluorosilicone _ 

Baaed  on  atmospheric  pressure  data. 


22.4 


28 

48 

4 


Poor 

Good 

Good 

Poor 

Good 

Fair 

Fair 

F.»iJL 


Me  t  hod 


See  Chapter  2 
Test  E-7 


See  Chapter  P 
Test  E-P 
See  Chapter  2 
Teat  E-5 


See  Chapter  2 
Test  E-6 


ASTN  D-877  (mod¬ 
ified).  See  Chap¬ 
ter  2 .  Test  E-3 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTN  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


I  11-111 


Vo  let il ity 

Petroleui 

Me  t  hod  | 

Toxicity 

1 

0  psig 

3,000  psiq 

5,000  psiq 

8,000  psiq 

10,000  psiq 

15,000  psiq 

20,000  psiq 

100”  F 

' 

150*  y 

See  NSRDL, 

Annajxj  1  in  Hv po t  X 

MATLAB 

Isothermal  Compressibility,  volume 

35*"  f'  11 " 

100*  p 

decrease,  %.  ati 

See  NSKDL 

0  psiq 

Annapolis  Report 

3,000  psiq 

MATLAB  350 

5,000  psiq 

8,000  psiq 

10,000  psiq 

15,000  psiq 

20,000  psiq 

Chemical  Stability 

Oxidation  StaMlity  Teat,  203*  F, 

ASTM  D-9l»J 

hours  to  failure 

Oxidation  Stability  Test,  250*  F 

Fed.  Method  5308 

Hydrolytic  Stability  Test 

Military  speciti- 

Specimen  chanqe,  mg 

cation  MIL-11- 

Specimen  appearance 

19457B 

Fluid  acid  number  increase. 

mg  HDH/gram  fluid 

Water  acidity,  mg  KDH 

Insolubles,  Jt 

_ 

Thermal  Stability  Test 

Fire  Resistance 

Flash  Point,  *F 

212 

ASTM  D-92 

Fire  Point,  *F 

225 

AS  TO  D-9? 

Autogeneous  Ignition  Temperature,  *F 

ASTO  D-2155 

High-Pressure  Spray  Combustor 

See  HEL  Renort 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature,  *F 

1967 

Minimum  reaction  temperature, 

•p 

No  indication  of  fire,  *F 

Maximum  pressure  change,  psi 

Lowest  temperature  of  maximum 

pressure  change,  ”F 

Temperature  range  explored,  *F 

Miscellaneous  Properties 

Pour  Point,  BF 

<-90 

ASTO  D-97 

Foaming  Tendency,  75*  F 

ASTO  D-892 

Foam  after  5 -minute  aeration. 

ml 

Time  out,  minutes 

Foam  after  10-minute  settling. 

ml 

Neutralization  Number,  mg  NOH/gram 

ASTO  D-974 

Water  Content,  %  by  weight 

ASTO  D-1744 

Neutrality,  qualitative 

Fed.  Method  5 101 

Contamination 

Number  and  sise  of  particles  and 

SAE  Method  ARP- 

fibers  in  100 -ml  fluid 

598 

25-100  micrometers 

100-500  micrometers 

over  500  micrometers 

particles  over  250  micros- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP-785 

Specific  Gravity  at  70/60  *F 

0.858 

ASTM  D-1298 

Color 

ASTO  D-1500 

Coat  i/gal 

ivailabl* 

from  sup] 

liar 

. 

Availability 

©v.  apec 

- 

^Determinations  made  at  atmospheric  pressure,  unless  noted. 
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fupplawintary  of  Propartias  of  HIL-H-8l019»( 


Hat hod 

Notarial  Cotvatibil.ty  withi* 

Saa  Chaptar  / 

•<m*  s 

Poor 

Taat  C-3 

Batura  1  Kubbar 

Poor 

Polyurathana 

Good 

*  liMd  on  ataoapharic  praaaura  data. 
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Fluid  Code  A 

Suggested  Uses  and  Possible  Limitations 


Fluid  Code  A,  a  sea-water  emulsifying  hydraulic  fluid. 
Grade  1,  petroleum-base  oil,  has  the  same  viscosity  as  MIL-L- 
17672,  MS  2110-TH,  which  is  too  high  for  most  deep  ocean 
applications.  It  has  good  lubricating  properties  and  good 
corrosion-inhibiting  properties.  Its  dielectric  properties 
are  questionable  for  deep  ocean  applications  in  that  it  has  a 
low  resistivity  and  a  high  dissipation  factor. 


HI-116 


Fluid  Code  ' 

( Petroleum  Base  Fluid) 


V  i  a  come  tru’  P  i  opv  *  t  tvs 

Vis^v^tty,  ci-it;  isiokvb,  at: 

C  psig 

5,000  pai'i 
l),000  psig 

8,000  pHig 

10,000  pst'j 
l 5 , 000  pat'j 

rc,(xx?  j*=»  i«.j 

Viscosity,  centistofces,  at  1008F, 
Viscosity,  contistokos,  at  210*  F, 

0  ps  ivj 

Viscosity  Slope,  AS TM 

m 

m 

m 

Me  f 

St*«  NS  HI)!, 

Anruipo  \  i  s  Hi  |.i  H 
MATlaAli  55U 

AS  "I’M  D-M«‘ 

41.9 

5-93 

0.768 

Lub:tcaUn>j  Ability 

— 1? — 

4-Eall  Wear  Teat,  30  urn,  50’  C. 

Dry 

Dry 

Seawater 

If  Seawater 

red.  Method  6‘.,0 

52100  steel,  average  scar  dia.. 

Dry 

( rr.od  i  f  led) 

mn? 

Dry  Arqon 

Oxygen 

Wet  Argon 

5  kg 

0.16 

- 

O.36 

- 

_ 

10  kg 

0.26 

0.24 

0.38 

0.48 

- 

00  kg 

0.29 

- 

0.41 

0.50 

- 

30  kg 

0.34 

0.32 

0.43 

0.66 

Corrosion  Protection 

Stirred  Rust  Test,  10;J  seawater. 

Pass 

ASTM  D-665 

140*  F.  2  days 

On-Off  Rust  Test,  5W-  seawater. 

Pass 

See  chapter  7 

140*  F.  30  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chapter 

vitirred,  corrosion  test,  weight 

Test  C-l 

change,  mg 

Copper 

-69.5 

- 

Stainless  Steel,  316 

-  0.2 

- 

Copper-Nickel  (70-50) 

-  0.1 

- 

Aluminum,  QQ-A-250-4b 

+  0.1 

- 

Phosphor-Bronze 

-  1.0 

- 

Steel ,  galvanized 

-  2.6 

- 

Steel.  1009 

+  0.1 

- 

Aluminum.  QQ-A-250-11 

+  0.1 

- 

Bronze 

-  1.2 

- 

Monel 

-  0.3 

- 

Silver  Base  Brazing  Alloy 

-72.4 

20,000  PSIG  Pressure -Cycled 

See  Chapter  2 

Corrosion  Test  ( l£  seawater). 

Test  C-2 

we ight  change ,  mg 

Insulated  Specimens: 

Copper 

- 

Stainless  Steel.  316 

- 

Copper-Nickel  (70-30) 

- 

Aluminum,  QQ-A-250-4b 

- 

Phosphor-Bron ze 

- 

Steel,  galvanized 

- 

Steel.  1009 

- 

Aluminum,  QQ-A-250-11 

- 

Bronze 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

-  _ _ _ _ 

- 
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Cozroaion  Froitdion  (coot) 

Electrically  Coupled  Bpec imm i 
Copp#r-A  lum imia,  00 -A -250-1 1 
Aluminum  .o  -A  -?  50  -4  b  - 
Copper -Bickel  (70-30) 

Monet -irons# 

Stainless  Sttal  (>l6)  - 
Phosphor -Bronze 
Silvar  Base  Brazing  Alloy  - 
Start,  1004 

Aluminum  0U -A  — T *>0 - 1 1  . 

Bronze 

Alum i mas  00  -A  -2  50  -4  b  - 

•  tael,  1009 

20, COO  PS  la  Stirred  Corrosion 
■Meet,  Mii|h(  chant)*,  »g 
Insulated  Specimens' 

Ctppar 

Stainless  Steel,  316 
'ripper -nickel  (70-30) 
Aiueunum,  QU-A-?50-4b 
Phosphor  -Sronse 
Steel,  galvanised 
Steel.  1009 
Aluminum,  QQ-A-250-11 
Bronte 
Monel 

Silver  Base  B rating  Alloy 
Electrically  Coupled  Spicimenai 
Copper -Aluminum,  QU-A-250-11 
Aluminum,  0Q-A-250-4b  - 
Copper -Bickel  (70-30) 
Honrl-Bronxe 
Stainless  Steel  (316)  - 
Phosphor -Bronze 
Sliver  Base  Bearing  Alloy  - 
Steel,  1009 

Aluminum,  QQ-A-250-11  - 

Aluminum,  QO-A-750-4b  - 
Steel,  1009 
”ump  test 

Average  Weight  loss,  mg 
Steel  dears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each .  mj/car 
Copper 
Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Bane  Brazing  Alloy 
Dic.ectric  Properties 

Resistivity,  77  *F",  ohm-emi 
As-Aece ived 

With  Sea-Water  Con  t  am  mat  ion  i 
C  .  14  try  vo  i  ume 
0  .  54  by  vo  i  ume 
2  .04  ~i  volusw 
w-  th  Cartion  Contaminat ion: 

0 . l4  trt/vol. 

0.254  vt/voi, 

0  ,‘.4  wt/vol . 


0.40 

0.01 

0.02 

0.01 

0.51 


r.4x 


10* 


Method 


See  Chapter 
Teet  C-*4 


Proposed  m 1 ; i a: 
spec  i  f  icat  ion  5. 
sea-water  err.uls: 
fying  oil? 


KSTH  D- 116-5  (rod 
i  f  led)  .  See  Chap 
ter  2  .  Test  F.-  1 
Chapter  2 
Test  E-i: 


Chapter  2 
Test  F-6 
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1 


i  J 


i 


j 


f: 

t 


i  . 


r 

1 


i 


1  ■  1 

Heth'./J 

Du'Ui’tnc  Proper  tit-*  (c\>ni) 

After  ■0,0T^0  Klee  trie  Ares 

(make*  and  break*)  at  lO 

Teat  E-7 

volts,  '0  ampere*,  ietia- 

t  l  ve  lu«u 

N<>t  filter  «  d 

_ 

flltfirj 

_ 

Solid*  generated,  nan 

Dissipation  Factor,  77  t 

‘lee  Chapter  ^ 

As -Here i vvd 

.’0.0 

Test  E-S 

With  Sea-Hate i  Contaminat  u>m 

See  Chapter  V 

0.1%  by  volume 

Test  E-‘. 

0  .  t>%  by  v»o  l  ume 

j 

?.0%  by  volume 

„  j 

With  Carbon  Contawtnatiaru 

See  Chapter  2 

0 . 10%  wt  vol . 

Teet  e-6 

wt/vul. 

_ 

C.SX  wt/vol. 

After  ‘0,000  Electric  Arcs 

(Mkei  >nd  breaks)  at  00 

volts,  10  amp* res,  rests- 

t  ivc  load 

Not  f  1 1  te  r  ed 

¥  iltered 

, 

Solids  tjeni  ated,  jiora 

_ 

Dielectric  Breakdow  Voltage, 

ASTM  D-^7  (r-od- 

O.O^i-inch  qap.  77  *F,  kv 

1  f  :ed'  .  See  Chap- 

A*  received 

21.6 

ter  2.  ’.»L  f.-3 

With  sea-wal  r  contamination: 

See  C!  :ter  2 

0  %  by  vo  l  ume 

Test  E-t) 

0 . by  vo 1 ume 

2  .0 %  by  volume 

_ 

With  carbon  contamination: 

See  Chaoter  2 

0 . 10%  wt/vol . 

Test  F;-t 

0.25*  wt/vol. 

i 

C  .c)0%  wt/vol . 

•  -  i 

After  *50,000  electric  arcs 

(makes  and  breaks)  at  ?C 

volt*,  10  ampere* ,  re*i«- 

tive  load 

Not  filtered 

Filtered 

_ 

Solid*  generated.  gras 

- 

Contact  Life,  » 1 1  v* r-cadmiu»,  ‘yO 

See  Chapter  T 

volt*,  10  emper.*,  re*  i«  tive 

Test  E-8 

load,  6000  P*1,  65* -86’  T 

Number  of  tests 

! 

i 

_ 

Operations  to  failure  ( ranqe) 

i 

1 

Emulsion  Stability 

] 

i 

Peddle  T«*t,  after  1-hour  »et- 

j 

i 

AS TM  D-l-C: 

t 1 inq i 

) 

| 

Oil,  ml  1 

0  )  ! 

J 

_ 

Emulsion,  ml 

80  j 

| 

_ 

Water,  ml 

0  !  ; 

_ 

a.  *  «C-  .  c  Probe  Teat,  time  for 

1  i 

i 

i  J 

See  Chapter 

water  separation,  min 

{  j 

•:  j 

1 

T«?st  E-s 

Hate  rial  Compatibility  Static  20KPSI- 

I  | 

1 

Sec  Chapter  . 

Butyl 

Poor  !  i 

i 

!  ) 

Test  C-^ 

Buna  R 

Good 

;  i 

; 

V 1 1  on  B 

Good 

• 

Ethylene -propylene 

Poor  j  i 

Tet  ta  f  lucroethy  lene  (Tcfic-r.  ■ 

OOOd 

i 

! 

Beonr.ne 

Pair  • 

;  1 

Th  i.'kul 

_ 

j 

5  1 1 : cor* 

fa  -  r 

i  j 

1 

r  lucres  1 1  icon*  j 

JTiii _ L 

i- 

1 

j 

*  Bas«d  cr  atmospheric  prai*.;re  1st* 
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Vo  1 A  t  1  1  1 1 V 

Tux  ie 1 1  y 

■1 

‘•1.  t!i,.  1 

jen*ity,  gi  ima/cub  io  i'unt  liwUm  ,  at  i 

V,’  K 

100  r 

!‘0*  1 

C'  p»l.| 

‘  , 000  (  s  L'l 
‘  ,000 

8,000  psig 

10,000  psi-| 

I'  .OOO  I-S1.1 

70.000  psi-1 

v7~V 

-  W  V 

Vi'"  1 

;.«•«•  SM'M 

A 1  t  .  ‘  t4  *  -  ’ 

K/>TI.Ah 

:,«  «  N:.i  M. 

Anrt.i|X’  1  •  :  1  -  i  »  » 

HATl-Mi 

Uothvirjl  CoB.pit? j»»  iL  1 1  1 1  \  ,  volume 

Juv'rtjkv,  t,  .it: 

0  psiq 
? ,000  ps>-l 
‘.,000  pslg 

3,000  pmq 

10,000  psig 

15.000  psig 

20,000  psig 

Oxidation  Stability  Teat,  203"  F, 

525 

AST M  U-‘>4; 

hour*  to  failure 

Oxidation  Stability  Teat,  250*  F 

Fed.  Method  >  * '  “ 

Hydrolytic  Stability  Teat 

Hi  1 1 tary  spec  1 :  . - 

Specimen  change,  mg 

cation  KIL-ll- 

Specimen  appearance 

19457b 

Fluid  acid  number  increase, 

- 

mg  NOH/gram  fluid 

Hater  acidity,  mg  KOH 

- 

Insolubles,  % 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  'F 

575 

ASTM  a -92 

Fire  Point.  *F 

430 

ASTM  D  -92 

Autogeneous  Ignition  Temperature,  *F 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MK1,  t 

Minimum  spontaneous  ignition 

31/66  of  K;»rrh 

temperature,  *F 

1967 

Minimum  reaction  temperature. 

” 

No  indication  of  fire,  °F 

- 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

p  re  s  su  re  change ,  °  F 

Temperature  range  explored,  ®F 

Miscellaneous  Properties 

Pour  Point,  14 F 

-10 

ASK  D-97 

Foaming  Tendency,  75*  F 

ASTM  D-892 

Foam  after  5-minute  aeration. 

<10 

ml 

Time  out,  minutes 

0 

Foam  after  10-minute  settling. 

0 

ml 

Neutralization  Number,  mg  KDH/gram 

0.9 

ASTM  D-97-1* 

Water  Content,  f  by  weight 

0.076 

ASTM  D-1744 

Neutrality,  qualitative 

Neutral 

Fed.  Method  *„1C1  ; 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP-  i 

fibers  in  100-mi  fluid 

598 

25-100  micrometers 

582 

- 

100-500  micrometers 

6 

- 

over  500  micrometers 

6  fibers 

- 

particles  over  250  microm- 

0 

- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/IOC  ml 

8.9 

SAE  Method  AKP-ygf 

Specific  gravity,  60/60  *F 

0.889 

ASJ.V  D-12Q8 

Color 

3.5 

ASTM  D-150C 

Cost  $/gal 

Available 

from  sup 

jlier 

- 

Availability 

proprietary 

- 

Determinations  made  at  atmospheric  pressure,  unle-s  noted. 
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Fluid  Coda  h 


I 

I 

I 

D 

D 
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Fluid  Cod*  B 


Suggested  Uaaa  md  Foaalbl*  Limitation! 


Fluid  Cod*  B,  a  petroleum  oil  product,  was  originally 
developed  for  nissil*  us*.  Its  viscosity  at  atmospheric  pres¬ 
sure  is  too  low  for  a  general  lubrication  or  hydraulic  fluid  over 
sustained  tin*  periods r  however,  it  would  be  in  the  right 
viscosity  rang*  at  great  depthn .  It  provides  excellent  corro¬ 
sion  inhibition  for  ferrou  metals  but  provides  no  protection 
for  nonfer  ous  metals,  lea  electrical  resistivity  is  low  and 
its  dissipation  factor  is  very  high,  making  it  questionable  for 
known  deep  ocean  alectrical  application.  It  is  extremely  flam¬ 
mable. 


rluid  cuia  B^  ^ 

(Patrolau*  Base  Fluid) 


Vucowunr  Propa riles 

V Tacos 1 1  y ,  cen'  latokes,  at  ■ 

0  prig 
psig 
3,000  p*lq 
tf.000  paitj 
10,000  paig 
16,000  paig 
20 ,000  palp 


Viscosity,  cent i»to*e§ ,  at  100  *F 
Viscosity,  csr.tistokes,  at  210*  7 
0  paip 

Viscosity  slope,  AS  TO _ _ 

L-bri  ‘Ina  Alillt 


Ball  Hair  Teat  30  min,  50  C, 
52100  atael,  rverage  scar  dia., 
mn: 

1  kq 

3  kg 
5  kg 


-4*$2X _ 


See  NSKDL 
Annapolis  Report 
MATUvB  350 


ASTM  D-441, 


Fed.  Mrithod  6' 0 
( modi f iea) 


Conosion  Protect  ion 

Stirred  Rust  Teat,  10#  tgawater, 
140“  F,  2  days 

On-Off  Rust  Test,  50#  seawater, 
140*  T,  30  days 
Ambient  Pressure,  coupon 
atirrad,  corroaio >  test,  weight 
change,  rag 
"  iDpar 

.nless  Steel ,  316 
,  .aper-Nickel  (?C-30) 
Aluminum,  QQ- A-250-4o 
Phosphor -Bronte 
Steel,  galvani+.e. 

Steel,  1309 
Aluminum,  QQ-A-P50-11 
Bronre 
Kor  1 1 

Silver  Base  Braiing  Alloy 
20,000  P3IG  P-essi\re -Cycled 
Corrosion  Teat  (  1#  seawater) , 
weight  change,  mg 

Insulated  Spec  unsns : 

Coppe' 

Stainless  Steel,  316 
Copper-Nickel  (70  -  30) 
Aluminum,  Qg -A -250 -lit 
Phosphor -Bronre 
Steel,  galvanized 
Steel,  1009 
Alumin.  - ,  0Q-A-230-11 
Bron  te 
Mono  1 

Silver  Base  Brazing  Alloy _ 


I  -39.2 

'  +  0.2 

-  3.8 
+  04 

i  -17 .8 
-16.6 

-  0.2 

-  0.3 
-20.9 

-  0.2 

-10.2 


ASTM  d-665 

See  Chapter  7 
Test  C-p 
S^e  Chapter  7J 
Test  C-l 
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M«  t  hewi 

Conn*  u>u  I’KsUvtuui  ^ Cont) 

Electrically  CouplcJ  Specimens: 

- 

C  oji  pc*  r - A l um i num ,  UO  -A  -2  *J0  » 1 1 

Mams  nan  CU -A-2VC -^b  - 

* 

Cop| >c» I  -N  l cW  l  ( ?0 -  V) ) 

Kone  I  -Bronze 

- 

Stainless  Stf.'l  (516)  - 

Phosphor  -Bronze 

Si  Ivor  BA*e  Brazing  Alloy  - 

St  eel,  lClVl 

A  l  u.t.  i  nuns  wvf  -A  *  0  - !  1  - 

* 

B :  onze 

A  l  urn  i  nun  Ot}  -  A  -2  VO  -**  b  - 

- 

Steel,  ICO) 

l'C.000  FSIC  Stirred  ivrtosion 

Moo  Chapter 

Test,  weight  change,  mg 

Test 

Insulated  Specimens: 

1 

Coppe r 

- 

Stainless  Steel,  Jl6 

• 

Copper-Nickel  (70-JO) 

» 

Aluminum,  OO-A-C^O-^b 

- 

Phosphor-Bronze 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Aluminum,  QO-A-C^O-ll 

- 

Bronze 

- 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Electrically  Coupled  Specimens; 

Copper-Aluminum,  QQ-A-25C-11 

- 

Aluminum,  QQ-A-250-Ab  - 

- 

Copper-Nickel  (70-30) 

Monel -Bronze 

- 

Stainless  Steel  (3l6)  - 

- 

Phosphor-Bronze 

Silver  Base  Brazing  Alloy  - 

- 

Steel,  1009 

Aluminum.  OO-A-P^O-ll  - 

j 

Bionze 

Aluminum,  QQ-A-T V0-^fb  - 

Steel.  1009 

1 

Pump  Test 

Proposed  mill  tar\  | 

Average  Weight;  Loss,  mg 

speci  f  leal  i«,r.  ; 

Steel  Gears' 

sea-walci  omul:.-: 

Bronze  Bushings 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cm2 

i 

Copper 

1 

Aluminum 

| 

Steel,  galvanized 

Steel,  1009 

! 

Silver  Base  Brazing  Alloy 

1 

Dielectric  Properties 

ASTM  D-1160  ( rod-  i 

Resistivity,  76  *F,  ohm-cm: 

1 . 0x  lo" 

ified) .  See  Chap-  | 

As-Rece ived 

ter  2.  Test  E-l  j 

With  Sea-Water  Contaminations 

Chapter  2 

0 ,  If  by  vo  lumt 

Test  E-', 

0.5$  volume* 

- 

2  .Off  by  volume 

- 

With  Carbon  Contamination: 

Chapter  2 

0.15S  vt/vol. 

Test  E-C 

0.25#  wt/vol. 

• 

0  wt/vol  * 

_ 
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Method 


Druisctnc  Properties  (Cont) 

”  Alter  ^6,00$  E  lect  ric  Area 
(makes  and  breaks)  el  90 
volte,  10  amperes,  resis¬ 
tive  load 

Mot  filtered 
filtered 

Solids  generated,  gram 
Dissipation  Factor,  76  *F,  * 
As-Rece i ved 

With  Sea-Water  Contamination: 
0.1*  by  volume 
0.5*  by  volume 
8.0*  by  volume 
With  Carbon  Contaminationi 
0.10*  wt/vol. 

0.25*  wt/vol, 

0.50*  wt/'vol. 

After  50,000  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  nmperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  76  *F,  kv 
As  received 

With  sea-water  contamination: 
0.1*  by  volume 
0.5*  by  volume 
2.0*  by  volume 
With  carbon  contamination: 

0 . 10*  wt/vol . 

0.25*  wt/vol, 

0.50*  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  V 
volts,  10  amperes,  resistive 

load,  6000  psi,  65° -85°  F 

Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling  : 

Oil,  mi 
Emulsion,  mi 
Water,  m\ 

Electric  Frob*  1‘e-st,  time  for 
water  separai  r  ,  min 
Material  Compatibility  Static  ?CKPSI 

Brit  y  1 
B/j  n  N 

Vi ton  B 

Ethylene -Propylene 

Tetraf luoroethylene  ( Te  f Ion) 

Neoprene 

rhiokoi 

Silicone 


>60 


25. 'J 


23 

57 

0 


See  Chapter 
Test  E-7 


See  Chapter  2 
Test  E-2 
See  Chapter  2 
-  Test  E-5 


See  Chapter  2 
Test  E-6 


ASTM  d-877  (mod¬ 
ified)  .  See  Chap 
ter  2  .  Test  E-3 
See  Chapter  2 
Test  i-5 


See  Chapte 
Test  E-< 


See  Chapte:  2 
Test  E-3 


ASTM  u  -  l'iO  1 


Sue  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


Fluoros i 1 i cone 


I  I  1-125 


Volst ll  Lty 

Toxicity 

P«tfol«u» 

r— - — 

Ml*  t  >.r  l 

Density,  jrsu u/cubi c  centimeter,  *ti 

3r  r 

l60”  F 

"150*“  r 

0  psiq 

See  NSKJjL 

3 ,  OC .  pi  \g 

Annaj.ip]  1  s  h<  |-  ;  t 

5.000  psiq 

MATLAh  55< 

8,000  psiq 

10,000  pa  Lg 

18.000  psiq 

20,000  psiq 

Isothermal  Compressibility,  volume 

~W~r 

"  'ibO*  t 

150^  v 

decrease,  t ,  ati 

See  NSKLL 

0  psiq 

Annapol  1  s  l«p:  -i  ’ 

3,000  psiq 

MATLAB  J50 

5,000  pstg 

3,000  psig 

10,000  p>, iq 

15.000  psiq 

20,000  psig 

Chsmica!  Stability 

Oxidation  Stability  Tesi,  203’  F, 

ASTM  D-9'tJ 

hours  to  failure 

Oxidation  stability  Teat,  250*  F 

Fed.  Method 

Hydrolytic  Stability  Teat 

Military  spec: f ; 

Specimen  change,  mg 

0.12 

cation  MIL-H- 

Specimen  appearance 

5atisfscti 

>ry 

19457s 

Fluid  acid  number  increase. 

0.21 

- 

rog  KDH/gram  fluid 

Hater  acidr'y,  mg  NOH 

10 

- 

Insolubles,  jt 

nil 

Thermal  Stability  Test 

Fire  Resistance 

Flash  Point,  “F 

205 

ASTM  D-)i 

Fire  Point,  °F 

2 15 

ASTM  D -')2 

Autogeneous  Ignition  Temperature,  °F 

AS  TO  D-:  15. 

High-Pressure  Spray  Combustor 

See  MU.  ;  <  •••  rt 

Minimum  spontaneous  ignition 

,ii/6f:  c,. 

temp*  r._ture,  °F 

iO('f 

Minimum  reaction  temperature, 

°F 

- 

No  indication  of  fire,  °F 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  °F 

Temperature  range  explored,  °F 

- 

Miscellaneous  Properties 

Pour  Point,  b F 

as  ;  D-17 

Foaming  Tendency,  75°  F 

ASVM  Uw'j; 

Foam  after  5-minute  aeration, 

- 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  KOH/gram 

o.og 

ASTM  D-  ?i’U 

Water  Content,  %  by  weight 

ASTM  D-17W4 

Neutrality,  qualitative 

Fed.  Met!,,  ! 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Me  the!  A!F- 

fibers  in  100 -ml  fluid 

598 

25- 100  micrometers 

- 

1C0-50O  micrometers 

- 

over  500  micrometers 

_ 

particles  over  250  microm- 

- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAl.  M<  !  *10.  i  Air-, 

Specific  gravity  at  70/70  °*? 

0.852 

ASTM  D-l, 

Color 

ASTM  I)  -  !  " 

Cost  t/qal 

Available 

from  sup] 

lier 

- 

Availability  jproprietary 

- 

'■Determinations  made  at  atmospheric  pressure,  unless  noted. 
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Fluid  Cod*  C 


iuggested  0**8  and  Possible  Limitation* 


As  *  petroleum  oil  product.  Fluid  Code  C  has  viscosity 
prop*rti*s  similar  to  those  of  MIL-H-46004  and  has  been  used 
as  an  immersion  medium  for  electric  motors  at  pressures  cor. 
responding  to  a  depth  capability  of  20,000  feet.  Its  viscosity 
is  too  low  at  atmospheric  pressure  to  consider  it  as  a  general 
lubricant  over  sustained  periods  of  time.  It  shows  good  cor. 
rosion  inhibition  for  both  ferrous  and  nenferroup  metals.  It 
hoe  a  low  electrical  resistivity  and  a  high  dissipation  factor, 
making  it  questionable  for  any  known  deep  ocean  electrical 
application.  It  is  extremely  flammable. 
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Fluid  Coda  Cv  ' 
(Fetroleua.  Ms*  Fluid) 


Vucontttic  Prc-pettiea 

Viacoalty,  cent  i  »t oVe * ,  ati 
0  pal.j 
5,000  pal<) 

5,000  pai-j 
8,000  p»i>j 
10,000  pai<j 
15,000  paig 
20,000  paig 


S**tt  NS  MU. 

Ar. n a jioli*  i\*\ 
HATLAB  '10 


Viacoalty,  centlatokea,  at  100  *F, 
Viacoalty.  centlatokea .  a'  210*  F, 
0  pa  ig 

Viacoalty  Slope,  ASTH 


ASTH  D-l.'tS 


Fed.  Method  t 
( nodi  fled) 


.  astt;  s  f-f 
1 

S«e  ChayUt  i 
Test  C-‘> 
See  Chapter 
Test  C-  1 


Mi- 1  hud 

Cuiiosicn  Protection  {CuiiO 

»■  l»vt  i  ic.i  1  ly  Coupled  Specimens: 

- 

Ci>ppv  i  -*A  l uni  i now,  gw  -A -1  \jO - 1 1 

- 

A 1  uir.  i  nujti  yg  .a  -i  hQ  -4b  - 

- 

Coppat  -Nickel  (70- W) 

None  L -Bronze 

- 

Stainl«.»»  Stee  l  (  M6)  - 

- 

Pho  +ph  >»  -Bronze 

Silxe.  fta»v  Blaring  Alloy  - 

- 

Steel.  1004 

Aluminum  yy -A  -7  90  - 1 1  - 

- 

Bion/e 

Aluminum  yy -A -290 -4b  - 

- 

S  tee  l ,  100') 

20,000  PS  10  Stirred  Corrosion 

( 10#  SMW* 

iter) 

See  Chaptt-i  ' 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimens* 

1 

Copper 

-1.4 

- 

Stainless  Steel,  ?l6 

-1.3 

- 

Copper-Nickel  (70-50) 

-0.3 

- 

Aluminum,  UQ-A-25>0-4b 

+0.1 

- 

i 

Phosphor-Bronze 

+0.1 

- 

i 

Steel,  galvanized 

-0.2 

- 

5 

Steel,  1000 

-3.3 

- 

Aluminum,  Q0-A-25O-11 

+0.2 

| 

Bronze 

-1.3 

None  1 

-2.1 

Silver  Base  Brazing  Alloy 

-4.7 

Electrically  Coupled  Specimens: 

Copper-Aluminum,  QQ-A-?£,0-ll 

-2.2  +t  1 

Aluminum,  0Q-A-280-4b  - 

Copper -Nicke 1  (70-j0) 

- 1.3  -0.5 

Monel -Bronze 

>0 • 2  +0 • 6 

- 

Stainless  Steel  (516)  - 

- 

Phosphor-Bronze 

+0.8  +0.7 

Silver  Base  Brazing  Alio;  - 

- 

Steel,  1009 

+0.2  +0.1) 

Aluminum,  yy-A-290-1  1  - 

+1.2  +0.5 

- 

Bronze 

Aluminum,  QQ-A-?t)0-4b  - 

+0.1  -0.1 

- 

Steel,  1009 

Pump  Test 

Proposed  mil i < ary 

Average  Weight  Loss,  rmj 

specification  foi 

Steel  Gears 

sea-water  omuls 

Bronze  Bushings 

fy.ing  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cm*’ 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Silver  Base  Brazing  Alloy 

- 

Dielectric  Properties 

ASTM  D-1169  (mod- 

Resistivity,  y?  *p,  ohm-emi 

4.0x10° 

i f  ied;  .  See  Chap- 

As-Received 

ter  2  .  Test  E-  i 

With  Sea-Water  Contamination: 

Cha-‘»r  ? 

0  .  1%  by  vo  1  ume 

Test  E-h 

0.9%  by  volume 

- 

2.0%  by  vo 1 ume 

- 

With  Carbon  Contamination: 

Chapter  2 

0.1%  wt/voi. 

Test  F,-6 

0.2  9%  wt/vol . 

- 

0  .‘-i%  wt/vol  . 

_ 

- 

f 
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i 


i 


i 


■4 


Met  hud 

Dielectric  P»opertie*  (Cont^ 

' 

After  *>0,000  Eiectiic  Arcs 

See  Chapter  \ 

(nake»  and  breaks)  at  90 

Test  E-7 

volts,  !0  amperes,  iesig- 

tive  load 

Nut  filtered 

FiUeied 

Solids  jeneidted,  gram 

Dissipation  Factor,  7*7  *F*  % 

See  Chaptc-r  i 

Aa-Hece  i  vt  d 

■>60 

Test  E  —  * 1 

With  Soa -Water  Con  tan  mat  ion  i 

See  Chapter  2 

0.1%  by  volume 

-  Test  E-5 

0.^%  by  volume 

2.0 %  by  volume 

_ 

With  Carbon  Contaminationi 

See  Chapter  2 

0 . 10%  wt/vol . 

Test  E -C 

0 .25%  wt/vol . 

0.50%  wt/vol. 

_ 

After  50,000  Electric  Area 

(makes  and  breaks)  at  90 

volts,  10  amperes,  resit- 

tive  load 

Not  filtered 

_ 

Filtered 

_ 

Solids  generated,  gram 

_ 

Dielectric  Breakdown  Voltage, 

ASTM  D-877  (mod- 

0.05- inch  gap,  77  *F,  kv 

ified) .  See  Chap- 

As  received 

28.4 

ter  2.  Test  E-3 

With  sea-water  contamination: 

See  Chapter  2 

0.1%  by  volume 

Test  E-5 

0.5%  by  volume 

1 

_ 

2  .0%  by  volume 

- 

With  carbon  contamination: 

See  lapter  2 

0 . 10%  wt/voi . 

-  Test  E-f. 

C.25%  wt/vol. 

_ 

0.50%  wt/vol. 

_ 

After  50,000  electric  arcs 

(makes  and  breaks)  at  90 

volts,  ]0  amperes,  resis- 

tive  load 

Not  filtered 

F  .  ltered 

_ 

Solids  generated,  gram 

- 

Contact  Life,  silver -cadmium,  50 

See  Chapter  : 

volts,  10  amperes,  resistive 

Test  E-8 

load,  6000  psi,  65° -85°  F 

Number  of  tests 

- 

Operations  to  failure  (range) 

Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 

ASTM  D-l'H  l 

t ling  s 

Oil,  ml 

25 

- 

Emulsion,  ml 

55 

- 

Water,  ml 

0 

- 

Electric  Probe  Test,  time  for 

Sec  Chapter  « 

water  separation,  min 

Tost  F  -■* 

Material  Compatibility  Static  2CKPSI 

Sec  Chapter  : 

Butyl 

Test  C- 5  1 

Buna  N 

- 

V  i  t  on  B 

- 

r  thy lene-P  ropylene 

- 

.etra f luoroe thylene  (Teflon) 

- 

Neoprene 

- 

7h iokol 

- 

S  1 1  icone 

- 

F luo ros 1 1 icone 

- 
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ymlaUy 


1ST  grame/cubic cent iae ter,  ati 

0  feig 

3.000  peig 
5,000  peig 

8,000  p« if 

10,000  peig 
15,000  Peig 


Wlun*  iMrau« 


-52_ 


200 

220 


jifc 

•tl 

0  peig 
3,000  paig 

5.000  peig 
8,000  paig 
10,000  peig 

15,000  pa  if 
80,000  pan 
0wtkil  Stability 

Oxidation  Stability  Test,  203*  F, 
hour*  to  failure 

Oxidation  Stability  Taat,  250*  r 
Hydrolytic  Stability  Taat 
Specimen  change,  mg 
Specimen  appaaranca 
fluid  acid  number  increase, 
mg  MOH/qran  fluid 
Matar  acidity,  nq  MDH 
Inaolublaa,  i 
Thermal  Stability  Teat 
firajaaiatanca 
flaah  Point,  *f 
fira  Point,  “F 

Autoqanaoua  Iqnition  Temperature, *F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  *F 
Minimum  reaction  temperature, 

*r 

•o  indication  of  fire,  *F 
xatimum  preaaure  change,  pal 
Lowest  temperature  of  maximum 
pressure  change,  *F 
Temperature  range  explored,  *F 
Miscellaneous  Properties 
Four  Point,  *F  “ 

Foaming  Tendency,  75*  F 

Foam  after  5-*»inut«  aeration, 
ml 

Time  out,  minutes 
Foam  after  lC-minute  settling, 

ml 

Mautralixation  Number,  mg  KOH/gram 
Mater  Content,  %  by  weight 
Neutrality,  qualitative 
Contamination 

Number  and  *iza  of  particle*  and{ 
fibers  in  ICO-ml  fluid 
25-100  micrometers 
100-500  micrometers 
over  500  microetttert 
particle,  over  250  microm¬ 
eters  axcapt  fiber*  (length 
tan  tines  diaiwiter) 

Gravimetric  Value,  mg/100  n. i 

Specific  gravity  r.t  70/60  *F 
Color 

Coat  $/gel  Available' 

Availability _ proprietary 


o3o 

0.871 

0.879 

0.888 

0.896 

0.90& 

-W- 


<-90 


0.09 


0.858 


1.4 

1-5 

1.7 

2.2 

2.3 

2.6 

3.3 

3.5 

3.8 

3.9 

4.2 

4.6 

5.5 

6.3 

6.8 

ran 

7.8 

w- 

0.86k 

0.872 

0.882 

0.889 

0.903 


I ail 


350 


JSSL 


from  supplier 


^Determination*  made  at  atmospheric  pressure,  unlea*  noted. 


NetKosT 


See  NfRDL 

Annapolis  Report. 
HATLAJJ  5*jC 


See  fcSRDL 
Annapolis  Repou 
HATlAB  yj 0 


AS  7*  0-9*0 

Ftd.  Method 
Military  spec  1 1 i - 
cation  M1L-H- 
19457b 


AS  TO  D-92 
AS  TO  D-92 

AS  TO  D-f  155 
See  MEL  Report 
31/66  o:  March 

1967 


ASTO  D-97 
ASTM  D-@9r 


ASTO  0-979 
ASTO  0-1799 
Fed.  Method  ‘.101 

SAP.  Method  ARP  - 
598 


SAL  Method  ARP-79 
ASTM  D-l.798 
ASTM  0-1  £.'O0. 
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Fluid  Code  D 


Suggested  Uses  and  Possible  Limitations 


Fluid  Cod*  D  ha*  been  suggested  for  use  in  a  fric¬ 
tion  drive  system.  Its  relatively  high  viscosity  and  lack  of 
corrosion  inhibition  make  it  questionable  for  use  as  ?»  general 
petroleum  lubricant  or  hydraulic  fluid.  Its  dielectric  prop¬ 
erties  have  not  been  determined.  It  is  flanmable. 


HI-132 


Fluid  Coda  t>( 
(Petroleum  Base  Fluid) 


Viscometric  Properties 

Viscosity,  centistokes,  at: 

0  paiq 
},000  paiq 

5,000  paiq 

8,000  patq 

10,000  paiq 

15.000  patq 

20 , 000  paiq 

Viacoaity,  cantiatokea,  At  100  *F, 
Viacoaity,  cent latokee,  at  210*  F, 
0  paiq 

Viacoaity  Slope,  ASTN 

Hi 

!',0*  F 

Met  lioti 

See  New  Departure 
Letter  to  NSRDC, 

26  Fob  1968 

ASTM  0-445 

15.7 

3.86 

0.776 

19.7 

53.2 

Lubricating  Ability 

4-Ball  Near  Teat,  30  ain,  50'  C, 

Fed.  Method  6503 

52100  ateel,  average  acar  dia., 

( modified) 

rani 

1  kg 

3  *9 

- 

5  kg 

Corroaion  Protection 

ASTM  D-665 

Stirred  Rust  Teat,  10$;  seawater. 

140*  F.  2  daya 

Fail 

On-Off  Rurt  Teat,  50%  seawater. 

Fail 

See  Chapter  2 

140*  F.  30  days 

Test  C-5 

Ambient  Pressure,  coupon 

See  Chapter  2 

stirred,  corroaion  test,  weight 

Test  C-l 

change,  mg 

Copper 

-  50,1 

Stainless  Steel,  316 

+  0.6 

- 

Copper-Nickel  ( TO  30) 

-  0.7 

- 

Aluminum,  QQ-A-250-ll'3 

-133.5 

- 

Phosphor-Bronze 

-  70.7 

- 

Steel,  galvanized 

-290.5 

- 

Steel,  ’009 

-828.6 

- 

Aluminum,  QQ-A-250-11 

-  25.8 

- 

Bronze 

-  33-1 

- 

Monel 

+  0.5 

- 

Silver  Base  Brazing  Alloy 

-  2  5 

20,000  PSIO  Pressure-Cycled 

Sec  Chapter  2 

Corroaion  Test  (136  seawater). 

Test  C-2 

weight  change,  mg 

Insulated  Specimens: 

Copper 

- 

Stainless  Steel,  316 

- 

Copper-Nickel  (70-30) 

- 

Aluminum,  QQ -A -250 -4  b 

- 

Phosphor-Bronze 

- 

Steel,  galvanized 

1 

- 

Steel,  1009 

- 

Aluminum,  QQ-A-250-11 

< 

- 

Bronze 

1 

- 

Monel 

I 

- 

Silver  Base  Brazing  Alloy 

_ 1 

_ 1 

- 

Method 


Corrosion  Protection  (Cont) 

electrically'  Coupled  Specimens: 
Copper -Alum  mum,  QQ-A-250-11 
Aluminum  QQ-A-250-4b  - 
Copper-Nickel  (70-50) 

Hone  1 -Bronze 
Stainless  Steel  (316)  - 
Phosphor -Bronze 
Sliver  Base  Brazing  Alloy  - 
Steel.  1004 

Aluminum  QO-A-250-ll  - 
Bronze 

Aluminum  QQ-A-250-4b  - 
Steel,  1009 

20,000  PSIG  Stirred  Corrosion 
Test,  weight  change,  mg 
Insulated  Specimensi 
Copper 

Stainless  Steel,  516 
Copper-Nickel  (70-50) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper -Aluminum,  QQ-A-250-11 
Aluminum,  QQ -A -250 -4b  - 
Copper -Nickel  (70-30) 

Monel -Bronze 
Stainless  Steel  (316)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel.  1009 

Aluminum,  QQ-A-250-11  - 
Bronze 

Aluminum,  QQ -A -2 50 -4b  - 
Steel.  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm2 
Copper 
Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  “F,  ohm -cm : 

As -Received 

with  Sea-Water  Contamination: 
0.1*  by  volume 
0.5*  by  volume 
2.0*  by  volume 
With  Carbon  Contamination: 

0.1*  wt/vol. 

0.25*  wt/vol. 

_ 0.5*  wt/vol. _ _ 


See  Chapter  2 
Teat  C-1* 


Proposed  military 
specification  for 
sea-water  emulsi¬ 
fying  oils 


ASTM  0-1169  (mod¬ 
ified)  .  See  Chap¬ 
ter  Z  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 


t  lea  (Cont  j 

At  Vi  i  ‘TiVoWiI;  U'ctTiT'  a  to. 
(makes  and  bleaks)  at  »K) 
volts,  ! 0  ampe u*h,  u-ais- 
t  ivi'  load 

Not  t  i  lit  it'J 
F  i  1 1  r  i  ed 

Solids  generated,  giam 
Dissipation  Fuetui,  0F,  t 
As  -Rcee  i  vod 

With  Sea-Wator  Con  t  am  mat  ion  i 
0.1%  by  volume 
C  .  [j‘a>  by  vo  l  ume 
2.0%  by  volume 
With  Carbon  Contamination: 
0.10%  wt/vol. 

0.25%  wt/vo’  . 

0.50%  wt/vol. 

At  ter  l)  0,000  Electric  Art?s 
(makes  and  breaks)  at  9^ 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filte  red 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 

0. 05-inch  gap,  °F,  kv 
As  received 

With  sea-water  contamination: 
0.1%  by  volume 
0.5%  by  volume 
2.0%  by  volume 
With  carbon  contamination: 
0.10%  wt/vol. 

0.25%  wt/vol. 

0.50%  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65° -85°  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI 
Butyl 
Buna  N 
Vi ton  B 

E thy lene-P ropy lene 

Tetraf luoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluorosilicone  _ 


See  <’hapt  ei* 
Test  F-? 


:;»■«•  rvi<i|-t«i 

Test  1,-2 
See  Chaptei 
_  Test  E-5 


See  Chapter 
Test  E-f. 


ASTM  D-ti77  ( mod  - 
i  tied)  .  Sec-  Chap¬ 
ter  r .  Test  E -} 
See  Chapter  2 
Test  E-'j 


See  Chapter 
-  Test  E -C 


See  Chapter  2 
Test  E-3 


ASTM  D-1401 


Sae  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


I  11-135 


- - - - -a- 

Me  tiled 

VolJt  il  ity 

Tux  lo  1  t  y 

Petroleu  n 

V,  7<+ — t*i 

U»’na  t(y  ,  •  jra'rs/Vubic  cvnt  irwtvt  ,  ati  ^ 

O  |‘5*1  f 

V’  F _ 

IOC  F 

Sec-  NSRDL 

Annapu  1  1  s  Hi  p»  *j  l 

*,000  (>si| 

■j.w 

MATLAIs 

8 , Of  V  pai  r 

10,000  pal! 
l‘i,000  pst-l 

I'0,tXV  ps  ig _ _ ^ 

“^iTThtTl  IHU  COffS|>  l  VSiS  1  l>  l  l  i  t  v  •  Vi-‘  * umo 

y_r-y-- 

‘ioo*T~ 

'  iso*~V 

kjoc  lo.'  so  ,  f~,  aits 

1 

1 

Ann »*pc»  lii>  H» g>or  « 

0  pb  1*1 

M/vTIJU!  55C 

^  ,000  pai'l 

*  ,000  pai'l 

**v 

|  8.0C0  psl  1 

10. 000  paui 

Ip. 000  pai'l 

Ohem'cal  Stability 

ASTM  D-i'lJ 

- Oxidation  Stability  Tost,  005  I, 

hours  to  failure 

red.  Method  5 ’OH 

Oxidation  Stability  Tost,  ?‘30  F 

Military  spccisi- 

Hydrolytic  Stability  Test 

cation  M1L-M- 

Spec  men  change ,  mg 

194  57  U 

Specimen  appearance 

Fluid  acid  number  increase. 

- 

mg  KDH/'jram  fluid 

Water  acidity,  mg  KOH 

_ 

Insolubles,  $T 

_ 

Thermal  Stability  Teat 

Fire  Resistance 

270 

Asm  D-)2 

Flash  Point,  1 

ASTM  D-72 

Fire  Point,  °F  o 

295 

Asm  d-2155 

Autogeucous  Ignition  Temperature,  F 

Sec  MEL  Report 

High-Pressure  Spray  Combustor 

Jl/6£  of  March 

Minicun  spontaneous  ignitior 

13C7 

temperature,  °F 

Minimum  reaction  temperature. 

No  indication  oi  fire,  *F 

“ 

Maxinun  pressure  change,  psi 
Lowest  tern'^erature  of  maximum 

* 

pressure  change,  F 

Temperature  range  explored,  °F 

- 

Miscellaneous  Properties 

-60 

Asm  d-97 

Pour  Point,  F 

ASTM  D-fe9' 

Foaming  Tendency,  75  F 

- 

_ 

Foam  after  5-nmutc  aeration, 
ml 

Time  out,  mini* Vi** 

<1 

- 

Foam  after  10 -minute  settling. 

0 

ml 

Neutralization  Number,  mg  KOH/gram 

0.01 

astm  d-974 

ASTM  D-1744 

Water  Content#  ^  by  weight 

0.010 

Fed.  Method  5161 

Neutrality,  qualitative 

neutral 

Contamination 

SAE  Method  ARP- 

Number  and  size  of  particles  an 

d 

598 

fibers  in  100 -ml  fluid 

25-1C0  micrometers 

100-500  micrometers 

over  500  micrometers 
particles  over  250  microm- 

- 

eters  except  fibers  (length 
ten  times  diameter) 

SAE  Method  ARP-76C 

Gravimetric  Value,  mg/100  ml 
Specific  gravity  at  60/60  *F 

0.857 

ASTM  D-1298 

ASTM  D-1500 

Color 

Aval lab 1 

a  from  su 

p  ilier 

Cest  $/ga 1 

Availability  - - - 

joropriatary 

I  I  1-136 


Fluid  Code  E 


Suggested  Uses  and  Possible  Limitations 


Fluid  Code  E  is  used  in  submersible  motors.  There  is  con¬ 
siderable  field  experience  to  show  that  this  fluid  may  be  used 
as  a  motor  immersion  fluid.  Its  viscosity  is  low,  it  provides 
no  corrosion  protection,  and  it  is  extremely  flammable.  Initial 
dielectric  properties  are  good,  but  additional  information 
relating  to  electrical  applications  is  lacking. 


III-1.37 


Viscomefr  ic  Pi opei  t  lea 

Viscosity,  cent  1  stokes  ,  «.t  : 
0  pa  1  v j 
3.000  pa  ig 
5,000  paiij 
8,000  paig 
10,000  pa  ig 
15.000  psig 
£0,000  pa ig 


Fluid  Cod#  *) 
(Petroleum  Bate  Fluid) 

35*  r  ion''  i  i  ,o°  i 


Viscosity,  ceritiatokes,  at  100  °F, 
Viscosity,  centistokes,  ai  £10°  F, 
0  psig 

Viacoaity  Slope,  ASTM _ 

Lubricating  Ability  — 

4-BiTi  1  Wear  Test,  30  min,  50°  C, 
5£100  steel,  average  scar  dia.. 


Corrosion  Protection 

Stirred  Rust  Test,  10$  seawater, 
140°  F,  £  days 

On-Off  Rust  Test,  50$  seawater, 
140°  F,  30  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  QQ-A-£ 50 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-£50-ll 
Bronze 
Hone', 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure-Cycled 
Corrosion  Test  { 1$  seawater), 
weight  change,  mg 

Insulated  Specimens! 

Copper 

Stainless  Steel,  3l6 
Copper-Nickel  (70-30) 
Aluminum,  Q0 -A -250 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alio 


-  74.2 
+  1.2 
+  0.7 
-456.5 

-  25.9 
-1227.4 
-1598.2 
+  159.7 

-  46.7 

+  0.1 

-  17.3 


See  NSKDI. 
Annapolis  Hf 
MAT  LAM  *V.: 


ASTM 


Foci.  Mot  hod  fj\,( 
( modi  f  i  c°d) 


ASTM  D-66‘3 

See  Chapter  : 

Test  C-5 
See  Chapter  : 
Test  C-l 


See  chapter  7 
Test  C-2 


1  . 1 

i  1  Ml- thi.il  ’  I 

i  i  .  ■  .  • « »n  r  i  i  >  t  «>i‘  t  ) .  in  (  lit  ) 

I 

.  i-.i!  !■>  i\u»|*|f  1  ,•.,■■.11 

1 

C»  'ppv  i  -A  !  mil  i  num ,  vjy  -A  -1  1  -U  -  i  1 

! 

Alummur  U'J  -  A-I'OJji,  . 

C'ojiff  i  -N  i  cK«- 1  (  f\ s  .  V  ) 

Mon  -It  i  on /t* 

St  .Ilfsti  Steel  (  'll)  - 

l1  js|i|i.  1 1  -Hi  i  m.*» 

S  l  1  VI- ,  M.i-.e  Mi  !  n  1  A  1  |.  \  - 

s  1,-,  1 ,  Ido /t 

A  1  mil  l  null:  ‘  O-  l  1  - 

Uiun/e 

A 1 1 in  i  mini  -  A  mu -i  b  - 

- 

'.'O.i’iv  ps i.;  si  ml  i  ivi  i I,.,, 

,  chaptci  ; 

Test,  weight  h.ui  »«■,  m*j 

Test  i.  -'l 

I  nsu  l  at  vA  Spt  »•  urn  i 

'•’.’I'l'i'i 

Slum  St  t‘»*  l ,  *>  lb 

0.  Pi'i-l  -N  u-k  ■  1  (yi'.Hi) 

A  1  uni  num,  gg-A-I  1 '0-4b 

Phosphoi  -fit  on/.v 

Stool,  in  Ivan i/od 

Stwl,  lOO'l 

Aluminum,  gg  -A -I  1  *C-  l  1 

Bronze* 

Mono  1 

Silver  Ras>.'  Brazing  Alloy 

Fleet ricnlly  Coupled  Specimens: 

Copper -Aluminum,  U<J -A-EhO- 1 1 

_ 

Aluminum,  QO-A-2bO-4b  - 

Copper -Nickel  (70-30) 

Monel -Bronze 

_ 

Stainless  Steel  (.5)6)  - 

„ 

Phosphor-Bronze 

Silver  Base  Brazing  Alloy  - 

Steel,  1009 

Aluminum,  QQ-A-2t>0-ll  - 

_ 

Bronze  | 

Aluminum,  UU-A-ri)0-4  b  - 

_ 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea-water  emulsi- 

Bronze  Bushings 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  mg/cm^ 

Copper 

- 

Aluminum 

_ 

Steel,  galvanized 

Steel,  1009 

_ 

Silver  Base  Brazing  Alloy 

- 

Dielectric  Properties 

ASTM  D-1169  (mod- 

Resistivity,  73  °F,  ohm-cm: 

2. 6x10-^ 

ified) .  See  Chap- 

As-Received 

ter  2 .  Test  E-l 

With  Sea-Water  Contamination: 

Chapter  2 

0.1#  by  volume 

Test  E-5 

0.5#  by  volume 

_ 

2.0#  by  volume 

With  Carbon  Contamination: 

Chapter  2 

0 . 1#  wt/vol . 

Test  E-6 

0  .25#  wt/vol . 

_ 

0  f-//>  wt/vol. 

- 

I  I  I  -139 


ft.  !  ‘ 0,000  I  tr.-t  r  1 1  •  A-  !. 

l  "  •  ri  l  )  i  v.ikt. ;  .i  t  it > 

‘  M  .  ,  1  i  .ir’pf  Mr,,  H'MS- 


Mi  »  1  f 

!'.<•<  ( '  f  i ;  1 1  >  *  •  i 

T.  si  I  { 


N>  -t  1  i  I  t  .■  t  •  -vi 

!••  I  1  t  .’I  .■.» 

S.  ‘Il  P,  |«  ll«  •  I  .it  I’d,  |  |  .11': 
n i  .s  ip. it  i- ,n  r  ».-t .»t ,  °f t  i 
A  .  -  lu-.’i-  .  VI-. I 

With  S*’  t -W.it  i  •  i  l\>n  t  .un  i  n.it  i  uni 
.  1  by  volume 
0.‘l  by  volumr 
l >y  volume 

With  C.itbon  Con  t  .mu  nat  ion : 
O.IO"  wt/vol. 
c.r1*’  wt/vi’i. 

I'.htV  wt/vol. 

A f t e i  1 -0,000  Electric  Arcs 
(makes  and  breaks)  at  90 
vo Its,  10  amperes,  res  is- 
t i ve  load 

Not  filtered 
F  i  It  ered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 

0.05 -inch  gap,  73  °F,  kv 
As  received 

With  sea-water  contamination: 

0 . 1‘V'  by  volume 
0.5*’*  by  volume 
T  ..  0/  by  vo  1  ume 
With  carbon  contamination: 

0 . 10‘T  wt/vol. 

0  .?5v  wt/vol. 

0.5CJ?  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65° -85°  F 

Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI 
Butyl 
Buna  N 
Vi  ton  B 

E  thy lene -Propylene 

Tetraf luoioe thy lene  (Teflon) 

Neoprene 

Th lokol 

S i 1 icone 

F luoros 1 1 icone 


O.H 


:;*•*  ci..i|-ii  r 

■I'.  -,1  1  : 

Si  i-  ( 'h.i  r't  •  I 


Set-  Chapter 
Test  V.J. 


?7.2 


ASTM  D-877  ( rtiod- 
’  f  ied)  .  See  Chap¬ 
ter  ?  .  Test  E- J 
See  Chapter  1 
-  Test  E-5, 


See  Chapter  I 
Test  E-6 


See  Chapter  1 
Test  E-3 


40 

0 

40 


ASTM  0-1401 


See  Chapter  T 
Test  E-4 
See  Chapter  1 
Test  C-5 


I  I  I  -HO 


Volat t  i 

Toxicity 

Pet  to  1 -us 

Method 

- 

|  Density,  grams/cubic  centimeter,  ati 

r 

190'  k 

150'  r 

0  psig 

S.+e  NSKDL 

.1,000  psig 

AnnapoJih  \ 

5,000  [>siq 

MATLAH  J50 

8,000  psi*j 

1C, 000  psi>j 

15,000  psig 

20,000  pa  ig 

_ 

lao thermal  Compress ibi 1 t t y ,  volume 

4t»  r 

"i60*  F 

decrease,  X.  ati 

Sec*  NS  Id) I- 

0  psig 

Aniv»i>o  l  j  »  Ho|k>  1  V 

>,000  psig 

fiATLAll  550 

5,000  paig 

8,000  psi<j 

10,000  psig 

j 

15,000  paid 

i 

20,000  psiq 

Chemical  Stability 

Oxidation  stability  Test,  20J* 

ASTM  D-91*’ 

hours  to  failure 

Oxidation  stability  Test,  250*  F 

Fed.  Method  5308 

Hydrolytic  Stability  Test 

Military  specili- 

Specimen  chance,  mg 

cation  K3L-H- 

Spec rmen  appearance 

19*4  57  B 

Fluid  acid  number  increase. 

- 

mg  KDH/gram  fluid 

Wi»ter  acidity,  incj  KOH 

- 

Insolubles,  jE 

- 

Thermal -Stabil ity  Test 

- 

Fire  Resistance 

Flash  Point.  "F 

185 

AS1M  D-92 

Fire  Ooint.  *F 

190 

ASTM  D-9? 

Autogeneous  Ignition  Temperature,  t 

ASTM  D-E  !55 

H.-h-Pressare  Spray  Combustor 

Sec  MF.L  deport 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature,  *F 

1967 

Minimum  react io-.  temperature, 

Ns  indication  of  fire,  ‘F 

. 

Maximum  pro  sure  change,  psi 

- 

Lowest  temperature  of  maximum 

pressure  change,  °F 

Temperature  range  explored,  *F 

- 

Miscellaneous  Properties 

Pour  Point,  bF 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  D-892 

Foam  after  5-minute  aeration. 

- 

nl 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

neutralization  Number,  mg  KDH/gram 

astm  D-979 

Hater  Content,  SE  by  weight 

ASTM  0-17^ 

Neutrality,  qualitative 

Fed.  Method  5’.0! 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100- -ml  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

- 

over  50C  micrometers 

- 

particles  ovtr  250  micrem- 

~ 

eters  except  fibers  ( length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP -785 

Specific  gravity  at  6^60  *F 

0.850 

astm  D-1298 

Color 

ASTM  D-1500 

Cost  J/qal 

Available 

from  sup] 

'lier 

Avai lability 

Froprieta 

a _ 

^Determinations  made  at  atmospheric  pressure,  unless  noted. 


I  11-141 


Fluid  Code  F 


Suggested  Uses  and  Possible  Limitations 


Fluid  Code  F  has  a  low  atmospheric  pressure  viscosity  for 
a  general-purpose  petroleum  lubricant  over  a  sustained  time 
period.  Its  corrosion-inhibiting  properties  aie  moderately 
good  for  both  ferrous  and  nonferrous  metals.  It  is  flam¬ 
mable.  Initial  dielectric  properties  are  good,  but  additional 
information  relating  to  electrical  applications  is  lacking. 


111-142 


Viacom* t xlc  Proper t lea  * 

Viscosity,  cent i stokes,  at  1 
C  psig 
3.00C  paig 
5,000  psig 
5,000  pa  ig 
10,000  pa  ig 
15,000  paig 

20,000  piiij 


Fluid  Cod*  r( 0 
(Petroleum  Base  Fluid) 

1 - 1 - r 


Sic  NSI<DI. 
Anna  1,0 1  1  .*•  l<‘ 

M*  TLAb 


Viscoeity,  centietokea,  at  100°  F, 
Vucoaity,  centistokea,  at  210*  F, 
C  peig 

V i acoaity  S lop* ,  AS TH 
Lubricating  Ability 

5"-Ball  Wear  Te,t,  }0  min,  50*  C, 
52100  steel,  average  scar  dia.. 


AS 'I’M  D  ' 


rt'fi.  Method 
(r-odi  fn-!) 


Corroaion  protection 

Stirred  Kust  Tear.,  10^  seawater, 
l40“  F,  2  days 

On-Off  Rust  Test,  50*  seawater. 

]R0*  F,  JO  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  >l6 
Copper -Nickel  (70-30) 
Aluminum,  QQ -A -2 50 -4 b 
Phosphor-B;  mze 
Steel,  galvanized 
Steel,  100^ 

Aluminum,  QO-A-250-11 


AS  TV.  D  -Lt\ 

See  Chapter 
Test  C-c 
See  Chapter 
Test  C  —  1 


Monel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
Corrosion  Test  (  !*■  seawater), 
weight  change,  mg 

Insulated  Specimens: 

C  'ppe r 

Stair.lees  Steel,  ?l6 
Copper-Nickel  (70-'C) 

A  l ora  mum,  00  -  A  -2 -  0  — *b 
Phosphor-Bronze 
Stee-  galvanized 
Steel,  1 000 
Aluminum,  J0-A-' ‘-0-1 1 
9:  on re 
Hone  1 

Silver  Base  3 .  * ; ng  A 1 1  oy 


!  I  I  -  14? 


Col  fog  tun  l'totsct  ion  ( Con  * ) 

kleclricillv  Coi’[)k*l  S|»ecincnsi 
Ccp|>nr  -A  turn  i  mins,  -A  *>0- 1 1 
Aluminum  UV-A-VC  -s b  - 
Copjiet -Nickel  (70- AO) 

>U-ru-  l  -fttonze 
Stainless  Steel  (lift)  - 
f  hospho  r  -h  l:  si./-.' 

Sliver  Base  blaring  Alloy  - 
Steel,  KtK 

Aluminum  tAj  -A  -1' '  >0  -  1 1  - 
Bronze 

Alumnua  UC-A-Cl.s0-4b  - 
Steel,  1009 

',’0,000  rsic  Stirred  Corrosion 
Teat,  wet.jht  change,  r>; 

Insulated  Specimens: 

Copper 

Stainless  St-1—1,  '  16 

Copper-Nickel  (70-JO) 

Aluminum,  Q0-A-?^C-l»b 

Phosphor-Bronze 

Steel,  galvanized 

Steel,  100-1 

Alum. nuns,  QQ-A -250-11 

Bronze 

Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper -Aluminum,  u0-A-?50-ll 
Aluminum,  OO-A-250 -lit  - 
Copper-Nickel  (70 -JO) 

Monel -Bronze 
Stainless  Steel  (Jl6)  - 
Phospnor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1009 

Aluminum,  QQ-A-250-11  - 
Bronze 

Aluminum,  QQ-A-2p0-'ib  - 
Steel.  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  bushings 

Corrosion  Coupons,  weight  loss, 
each,  nvg/cm? 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity.  75  *F,  ohr.-cm: 
As-Received 

With  Sea-Water  Contamination : 
0.1)6  by  volume 
0.556  by  volume 
2  .056  by  volume 
With  Carbon  Contamination: 

0.136  wt/vol. 

0.2536  wt/vol. 

0  ,536  wt/vol . 


See  Chapter  2 
Test  C-‘> 


Proposed  military  j 
specification  Tor  I 
sea-water  emulsi¬ 
fying  oils 


ASTM  n-ll69  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 


I  I  1-144- 


Method 


Dielectric  Ptmwrtiea  [Cunt) 

After  56,000"  Electric  Arc* 
(make*  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  geneiated,  gram 
Dissipation  Factor,  75  *ft  £ 

As -Received 

With  Sea-Water  Contaminationi 
O.ljS  by  volume 
0 . 1$  by  volume 
2.0J6  by  volume 
With  Carbon  Contaminationi 
O.lCjf  wt/vol. 

0.25*  wt/vol. 

0.c0*  wt/vol. 

After  50,000  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filte red 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  75  *p,  kv 
As  received 

With  sea-watar  contamination* 
0.156  by  volume 
0.5#  by  volume 
2  .056  oy  volume 
With  carbon  contaminations 
0 . 10 %  wt/vol . 

0.25%  wt/vol. 

C.50%  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65“ -85°  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set- 
t 1 ing : 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI 
Butyl 
Buna  N 
Vi  ton  B 

E  thy lene -P  ropy lene 

Tetrafluoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluoro8ilicone 


0.7 


24.6 


40 

8 

32 


— 

See  Chapter  V 
Test  E-7 


See  Chapter 
Test  E-2 
See  Chapter  P 
Test  E-5 


See  Chapter  £ 
Test  E-6 


ASTM  D-87?  (  mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-3 
Chapter  2 
-  Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  D-1401 


See  Chapter  2 
Test  E-4 
See  Chapter  2 
Test  C-3 


I  - 
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MA  I  i*AJ  V 


Chemical  Stability 

Oxidat  on  Stability  Test,  !0*°  F, 
hours  to  failure 

Oxidation  Stability  ivst,  250°  F 
Hydrolytic  Stability  Test 
Specimen  change,  nuj 
Specimen  appearance 
Fluid  acid  number  increase, 
mg  KOH/gram.  fluid 
Water  acidity,  mg  KOH 
Insolubles, 

Thermal  Stability  Tost 
Fire  Rosts',  ance 
Flash  Point,  CF 
Fire  Point,  °F 

Autogencous  Ignition  Temperature-,  ;F 
High-Pressure  Spray  Combustor 
Minimum  spontaneous  ignition 
temperature,  °F 
Minimum  reaction  temper  a tu re, 

°  F 

No  indication  of  fire,  °F 
Maximum  pressure  change,  psi 
Lowest  temperature  of  maximum 
pressum  change,  °F 
Temperature  ronne  explored,  °F 
Miscellaneous  Proper cies 
Pour  Point,  *F 
Foaming  Tendency,  75°  F 

Foam  after  5-minute  aeration, 
ml 

Time  out,  minutes 
Foam  after  iC ^minute  settling, 
ml 

Neutralization  Number,  mg  KOH/gram 
Water  Content,  %  by  weight 
Neutrality,  qualitative 
Contamination 

Number  and  size  of  particles  and 
fibers  in  100-ml  fluid 
25-100  micrometers 
100-500  micrometers 
over  500  micrometers 
particles  over  250  microm¬ 
eters  except  fibers  (length 
ten  times  diameter) 
v'imetric  Value,  mg/100  ml 
specific  gravity  at  71/60  °F 
Color 

£f_l  ./gal 
Availabilit 


l'  °ter-ni.nations  made  at  atmospheric  pressure,  unless  noted. 


A  STM  L>-  ’ 

1  <-.l .  K<  1 i  •  ' 
Mill  t.,I  y  •  . 

cat  ,oi:  KU.-M- 
1  ■  7 It 


AS  TM  !>-'■' 
AS  TM  D-T 

astm  d  : 1 

See  KLL  •  ■ 
•51/66  of  k 
19i-7 


AS  TM  D-T, 
ASTM  D-fcll 


ASTM  D-/74  , 

ASTM  D-17W*  | 

Fed.  Method  5101  j 

i 

SAE  Method  ARP-  { 

598 


SAE  Method  APP.  jgij 

ASTM  D-l?98 
ASTM  D-1560 


h 


I  I  1-146 


Fluid  Code  G 


Suggested  Uses  and  Possible  Limitations 


The  atmospheric  pressure  viscosity  of  Fluid  Code  G  sug¬ 
gests  that  it  could  be  a  general-purpose  petroleum  fluid.  Its 
corrosion-inhibiting  properties  are  moderately  good  for  both 
ferrous  and  nonferrous  metals,  initial  dielectric  properties 
are  good0  but  additional  information  relating  to  electrical 
applications  is  lacking. 


111-147 


Corrosion  Protection 

Stirred  Rust  Test,  10?-  seawater, 
140*  F.  2  days 

On-Off  RiSt  Test,  50£  seawater, 
140*  V.  ^0  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  316 
Copper-Nickel  (7C-30) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Hone' 

Silver  Base  Brazing  Alloy 
20.000  PSIG  Pressure-Cycled 
Corrosion  Test  ( li?  seawater), 
weight  change,  rag 

Insulated  Specimens: 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  0Q-A-?50-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Nonel 

Silver  Base  Brazing  *llo 


See  Chapter  7 
Test  C-5 
See  Chapter  2 
Test  C-l 


See  Chapter  2 
Test  C-2 


I  I  I  -148 


Me  t  hod 

Corrosion  Protection  ^Contj 

Klectiieally  Coupled  Specimens* 

- 

Copper -Aluminum, 

- 

Aluminum  UU-A-?t>0 -4b  - 

Copper-Nickel  (70-}0) 

Monel -Bronze 

Stainless  Steel  ( ?l6)  - 

- 

Phosphor-Bronze 

Silvei  Base  Brazing  Alloy  - 

_ 

Steel,  1004 

Aluminum  Q0-A-2S0-1  1  - 

_ 

Bronze 

Aluminum  QQ-A-250-4b  - 

_ 

Steel,  1009 

20,000  PSIG  Stirred  Corrosion 

( 10$  luvi 

ter) 

See  Chaptoi  ! 

Test,  weight  change,  mg 

Teat  C-4 

Insulated  Specimensi 

Copper 

-0.5 

_ 

Stainless  Steel,  J 16 

0 

Copper-Nickel  (70-30) 

0 

_ 

Aluminum,  QQ-A-250-4b 

-0.1 

- 

Phosphor-Bronze 

-0.1 

- 

Steel,  galvanized 

-0.3 

_ 

Steel,  1009 

0 

_ 

Aluminum,  QQ-A-250-11 

0 

- 

Bronze 

+0.1 

- 

Monel 

0 

- 

Silver  Base  Brazing  Alloy 

-0.6 

- 

Electrically  Coupled  Specimens: 

Copper-Aluminum,  QQ-A-250-11 

-1.3  -0.3 

- 

Aluminum,  QQ-A-250-4b  - 

- 

Copper-Nickel  (70-30, 

-0.3  -0.1 

Moriv  1  -Bronze 

0  +0.3 

- 

Stainless  Steel  (316)  - 

- 

Phosphor-Bronze 

0  -0.1 

Silver  Base  Brazing  Alloy  - 

- 

Steel,  1009 

-0.6  -0.3 

Aluminum,  QQ-A-250-11  - 

- 

Bronze 

-0.1  +0.3 

Aluminum,  QQ-A-250-4b  - 

- 

Steel,  1009 

-0.1  0 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

1 

sea-water  emulsi- 

Bronze  Bushings 

8 

fyir.g  oils 

Corrosion  Coupons,  weiqht  loss. 

_ 

each,  mg/cm2 

Copper 

0.01 

- 

Aluminum 

0.03 

- 

Steel,  galvanized 

0.01 

- 

Steel,  1009 

0.01 

- 

Silver  Base  Brazing  Alloy 

0.02 

- 

Dielectric  Properties 

ASTM  D-II69  (mod- 

Resistivity,  75  “f  ohm-cm: 

8.0X1013 

ified) .  See  Chap- 

As-Received 

ter  2  .  Test  E- 1 

With  Sea-Water  Contamination: 

Chapter  2 

0.1#  by  volume 

Test  E-5 

0.5$  by  volume 

- 

2.0$  by  volume 

With  Carbon  Contamination: 

Chapter  2 

0 . 1$  wt/vol . 

Test  E-6 

0.25$  wt/vol. 

- 

0.5$  wt/vol. 

- 

I  I  1-149 


U  It  loot!  to  fiOjiyiUtfa  (Cent) 

A i  ti  t  *2,000  hlvct  1 1 it'  Arcs 
( n-iKtft  and  breaks)  at  '.>0 
volts.  *0  jet^u-s,  rests- 
t  nv  load 

Not  filtered 
1’  t  1 1  er>'d 

Sot  I  vis  -lenetated.  |tnm 
D  rss  t  pat  ton  Factor,  i‘5  *F.  f 

As-Heoetveil  0.8 

With  Sea -Water  Con  turn  lira  l  loin 
0 . K  by  volume 
0.5:?  by  volume 
2.0?  by  volume 
With  Carbon  Con t am t nn t  io.-r: 

0.10?  wt/vol. 

C.rvf  wt/vol. 

C  .‘  O'  wt/vol. 

After  ‘'0,000  Electric  Arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  rcsis- 
t  tve  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltaic, 

0 .0f  -tnch  ijap,  75  *F,  kv 

As  received  29-9 

With  sea-water  contaminations 
0 .  ljf  by  vo  lume 
0.5?  bv  volume 
2.0?  by  volume 
Kith  carbon  contaminations 
0.10?  wt/vol. 

0.25'  wt/vol. 

0.50?  wt/vol. 

After  50.000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadr..ium,  50 
volts.  10  amperes,  resistive 
load.  6C00  psi,  65* -85*  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tling: 


Method 


See  Chapter  2 
Test  E-7 


See  Chap*  *  l  2 
•res*  i:-2 
See  Chapter  2 
-  Test  E-5 


See  Chapter  2 
Test  E-t 


ASTM  D-877  (  mod 
ified).  See  Cha 
ter  P.  Test  E- 
See  Chapter  P 
Test  E-5 


See  Chapter  ? 
Test  E-6 


See  Chapter  2 
Test  E-3 


ASTH  D-1^01 


Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI 
Butyl 
Buna  N 
Vi  ton  B 

E thy 1 e ne -P ropy 1 ene 

Tetraf luoroethylene  (Teflon) 

Neoprene 

Th i oko 1 

Silicone 

Fluorosilicone _ ______ 


38 

30 

12 


See  Chapter 
Test  E-4 
See  Chapter 
Test  C-5 


1  I  1-150 


Volatility 

Tox  ic  1 1 y 

Petroleum 

y>;o*  1 

Method 

See  NSKLL 
Annupo i  1  k  t  <  ■  p< < 

MAT  LAI  1  V  (7 

See  Niii  Ml. 
Annupol  s  P«p‘' 
MATLAb  V  1 

Density,  g  i  ums/cub  to  cent  imelfi ,  at; 

»*r 

r  100T  F 

(.'  pa  lg 
',000  psiq 
‘>,000  pa  iq 

8 , 000  p  a i  ■  | 

10,000  paig 

1 1  ■ , 000  psig 

00,000  psig 

r  - 

■  W  F 

150”  F 

Isothermal  Compressibility,  volume 

55*  f 

decrease,  ‘‘jT,  at: 

0  psig 

T,000  prig 
‘>,000  psig 

8,000  psig 

10,000  psig 

13,000  psiq 

00,000  psig 

Chemical  Stability 

Oxidation  Stability  Test,  203°  F, 

1000*- 

AS  TM  U-0'>  ’ 

hours  to  failure 

Oxidation  Stability  Test,  250°  F 

roil.  Method 

Hydrolytic  Stability  Test 

M 1 1 1 1  ary  spec i 

Specimen  change,  mg 

rati on  M J  L-H- 

Specimen  appearance 

!  jh'  Yb 

Fluid  acid  number  increase, 

- 

mg  KOH/gram  fluid 

Water  acidity,  mq  KDH 

- 

Insolubles,  / 

~ 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Point,  “F 

300 

AS  I’M  D- 97 

Fire  Point,  °F 

325 

ASTM  D-d; 

Autogeneous  Ignition  Temperature,  °F 

ASTM  D-'i  155 

High-Pressure  Spray  Combustor 

See  MIX  koport 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature,  °F 

1967 

Minimum  reaction  temperature. 

- 

0  F 

No  indication  of  fire,  °F 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  charge,  °F 

Temperature  range  explored,  °F 

Miscellaneous  Properties 

Pour  Point,  “f 

<-45 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  D-80f 

Foam  after  5-itmute  aeration, 

- 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  K0!l/gram 

0.10 

ASTM  D-V-+ 

Water  Content,  %  by  weight 

0.005 

ASTM  D-1744 

Neutrality,  qualitative 

Fed.  Method  ‘  1 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP 

fibers  in  100-ml  fluid 

598 

23-100  micrometers 

- 

100-300  micrometers 

- 

over  300  micrometers 

- 

particles  over  ?30  microm- 

- 

eters  except  fibers  (length 

ten  times  diameter) 

Gravimetric  Value,  mg/ 100  ml 

SAE  Mt thod  ARP 

Specific  Gravity  at  70/60  °F 

0.872 

ASTM  D-1798 

Co  lor 

ASTM  D -  1 1  0^ 

Cost  $/gal 

availabl 

1  from  suj 

■flier 

- 

Aval l«bi 1  tty 

propriet 

in _ 

_ L.  ... 

_ I _ _ _ 

1C  1 


^■Determinations  mud*  at  atmospheric  pressure,  unless  noted. 
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Fluid  Code  H 


jested  Uses  and  Possible  Limitations 


The  atrvospheric  pressure  viscosity  of  Fluid  Code  H  would 
lead  to  the  prediction  that  it  would  not  be  suitable  for  hydrau¬ 
lic  systems  or  lubrication  uses  at  more  than  4000-foot  depth, 
properties  are  moderately  good  for  both  ferrous  and  nonferrous 
metals. 


III-152 


Fluid  Cod#  h( 
(Petroleuai  Mac  Fluid) 


Vi  scorn# t r ic  F i ope i ties 

Visi 

-usity,  cent istokt *, 

it  1 

0  psig 

V 

,000  psig 

5, 

,000  psig 

8, 

,000  psig 

10, 

,000  psig 

lb, 

,000  psig 

20, 

,000  psig 

Viscosity,  centistokes, 

st  100  *r 

Viscosity,  centistokes. 

st  210*  F, 

0  psig 

Viscosity  Slope,  AST* 

See  NSKDL 
Annapo  lib  R<-j 
MATLAb  ,l>( 


i* -Ba  1 1  Wear  Teat,  X)  nun,  50*  C, 
5210C  steel,  average  s~ar  dia., 
mini 
1  kg 

3  *g 

5  kg 


ASTM  D-4V, 


Fed.  Method 
( mod i fied) 


Corrosion  Protect  ion 

Stirred  Ruat  Teat,  10$  seawater, 
140*  F,  2  days 

On-Off  Rust  Teat,  50$  seawater, 

I 40*  F,  50  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  teat,  weight 
change,  mg 
Copper 

Stainless  Steel,  }l6 
Copper -N  j  cke^  (70-50) 
Aluminum,  00  -A -2  50  -4b 
Phosphor-bronze 
Steel  #  galvanize.; 

Steel,  1C W 
Aluminum,  QQ-A-25*- -11 
Bronze 
Honel 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
CorrcsJOFi  Test  ^  1$  seawater), 
weight  change,  mg 

Insulated  Specimens? 

Copper 

Stainless  Steel,  516 
Copper-H  icke  1  (7C-50) 
Aluminum,  JO  -A  -2 SO  -4b 
Phosphor-Bronze 
Steel,  galvanised 
Steel,  1009 
Aluminum,  QQ-A-?50-ll 
Bronze 
Hone  l 

Silver  Base  Brating  Alloy 


as™  d-66.5 

See  Chapter  I 
Test  C-5 
See  chapter  ; 
Test  C-l 


See  chapter  ' 


Corrosion  Protect i on  (Cont) 

Electrically  Coupled  Specimens! 
Copper-Aluminum,  OU -A -250-1 1 
Aluminum  yO-A-250-4b  - 
Copper-Nickel  (70-50) 

None  1 -Bronze 
Stainless  Steel  (M6)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1004 

Aluminum  OO-A -2’50-  1 1  - 
Bronze 

Aluminum  00-A-250-4b  - 
Steel,  1009 

20,000  PS  10  StiireJ  Corrosion 
Test,  weight  change,  mg 
Insulated  Specimens: 

Copper 

Stainless  Steel,  516 
Copper-N  icitel  (70-50) 
Aluminum,  QO-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-ll 
Bronze 
Monel 

Silvct  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper -Aluminum,  QQ-A-250-1 1 
Aluminum.  QQ-A-2f>0-4b  - 
Coppar-Nickel  (70-50) 

Hone l -Bronze 
Stainless  Steel  (316)  - 
Phosphor-B ronze 
Silver  Base  grazing  Alloy  - 
Steel.  1009 

Aluminum,  QQ-A-250-11  - 
Bronze 

Aluminum.  00  -A  -2  50  -4  b  _ 
Steel,  1009 

Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm* 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 


Resistivity,  F,  ohm-cm: 

As -Received 

With  Sea-Water  Contamination: 
0.156  by  volume 
0.555  by  volume 
2.0JC  by  volume 
With  Carbon  Contamination: 
O.ljS  vt/vol. 

0.2555  vt/vol. 

0.556  vt/vol. 


See  Chapter  2 
Test  C-4 


Proposed  military 
specification  for 
sea-vater  emulsi¬ 
fying  oils 


AS  IN  D-1169  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 


I  11-154 


Dielectric  Properties  (Cent 


After  50,000  Electric  Arcs 

(nakeas  and  breaks)  at  90 
volts,  10  amperes,  tesla- 
t  Ue  load 

Not  filtered 
F i 1 terej 

Solids  generated,  jram 
Dissipation  Factor,  *K,  # 
As-Rece 1 ved 

With  Sea -Water  Contamination! 
0  .  1#  by  vo  lume 
0 .5#  by  volume 
2.0#  by  volume 
With  Carbon  Contamnat  loni 
0 . 10#  wt/vol * 

0.25#  wt/vol. 

0.50#  wt/vol. 

After  50,000  Electric  Area 
(makes  and  breaks)  at  SC 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltaqe, 
0.05-inch  gap,  *F,  V.v 
As  received 

With  sea-water  contamination: 
0.1%  by  volume 
0.5$  by  volume 
2.0%  by  volume 
With  carbon  contamination: 
0.10%  wt/vol. 

U  •«:  5%  wt/vol. 

0 .50%  wt/vol . 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium.  50 
volts,  10  amperes,  resistive 
load.  6000  psi,  65* -85°  F 
Number  of  tests 
Operations  to  failure  { range) 
Emulsion  Stability 


laddie  Test,  after  1-hour  set 


See  Chapter  ? 
Test  E-7 


See  Chaplet  T 
Test  E-V 
See  Chapter  ? 
Test  E-5 


See  Chapter  2 
Test  K-G 


ASTM  D-877  (mod¬ 
ified).  See  Chap- 
i  ter  2.  Test  E-3 
See  Chapter  2 
Vest  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-S 


ASTM  D-1401 


See  Chapter  2 
Test  E-J* 
See  Chapter  2 
Test  C-3 


1-155 


Vo  1st  llity 

Toxicity 

Petroleui 

Me  t  hod 

Density,  Kjracs/cuino  ,  at  i 

?7~r 

W  > 

— iwnr 

See  NSWH. 

Am>0|>o)<B  I 

HATLAli  J50 

0  psig 

5,000  pstg 

5,000  psig 

8,000  psig 

10,000  psig 

15,000  psig 

20,000  ps t*| 

Isothermal  Compress ib 1 1 1  ty ,  volume 

F 

lOT*  F 

l’lo*’ r 

decrease,  at« 

See  tJSKDL 

0  psig 

/nna(>oli» 

5,000  psiq 

MAT  LAI)  550 

5.000  psig 

8,000  psig 

10.000  psig 

15,000  psig 

00,000  psig 

Oxidation  Stability  Test,  005*  F, 

AS  TO  D-5'l5 

hours  to  failure 

Oxidation  Stability  Test,  050’  F 

Fed.  Method  5508 

Hydrolytic  Stability  Test 

Military  spociti- 

Specimen  change,  mg 

cation  MIL-11- 

Specimen  appearance 

19457B 

Fluid  acid  number  increase. 

- 

mg  HOH/gram  fluid 

Water  acidity,  mg  XDH 

- 

Insolubles,  % 

- 

Thermal  Stability  Tost 

- 

Fire  Resistance 

Flash  Point,  *F 

395 

AS  TO  D  -92 

Fire  Point.  *F 

445 

as  to  n-9? 

Autogtneous  Ignition  Tempcrature.*F 

AS  TO  0-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

51/66  of  March 

temperature,  *F 

1967 

Minimum  reaction  temperature. 

No  indication  of  fire,  "F 

• 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  °F 

Temperature  range  explored,  °F 

- 

Miscellaneous  Properties 

Pour  Point,  “F 

AS  TO  d-97 

Foaming  Tendency,  75"  F 

AS  TO  D-89? 

Foam  after  5-minute  aeration. 

- 

ml 

Time  out,  minutes 

- 

Foam  after  10-minute  settling. 

- 

ml 

Neutralization  Number,  mg  HOH/gram 

ASTM  D-974 

Water  Content,  %  by  weight 

0.002 

AS TO  D-1744 

Neutrality,  qualitative 

Fed.  Method  5101 

Contamination 

- 

Number  and  size  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-ml  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

- 

particles  over  250  microm- 

- 

eters  except  fibers  (length 

ter  times  diameter) 

Gravimetric  .'Mue,  mg/100  ml 

SAE  Method  ARP -785 

Specific  gravity  at  70/60  *F 

0.866 

ASTM-D-I298 

Color 

AFTO  D-1500 

Cost  $Vgal 

aval  lab  1 

>  from  su] 

iplier 

- 

Availability 

U3C _ 

determinations  made  at  atmospheric  pressure,  unless  noted. 


!  I  1-156 


Fluid  Cod®  J 


Suggeatgd  Uses  and  Possible  Limitations 


Fluid  Code  J,  a  petroleum  oil  product,  meets  the  require¬ 
ments  of  the  United  States  Pharmacopeia  (USP)  for  medicinal 
mineral  oils.  It  has  been  used  in  u  deep  submergence  vehicle 
as  an  immersion  fluid  for  nonmoving  electrical  parts.  Field 
experience  has  shown  that  it  has  failed  as  a  lubricant  for 
electric  iso  tors  and  gearc  at  1000  psig.  It  provides  no  corro¬ 
sion  protection.  It  has  satisfactory  dielectric  properties. 

Its  poor  sea-water  emulsion  stability  makes  it  questionable  for 
use  with  motors  at  deep  submergence  pressures.  Although  its 
dielectric  properties  are  good*  its  relatively  high  viscosity 
makes  it  a  questionable  chcice  for  other  electrical  applica¬ 
tions  at  deep  submergence  pressures. 


fluid  cob  l> 
(Petroleum  fcaaa  fluid) 


Viscosity,  centistokea,  at t 
0  pa  ig 
5,000  paig 
5.000  psig 
8,00t>  pa  u) 

10,000  psig 
15.000  pstg 
20,000  psig 


See  NSRDL 
Annapolis  Repot L 
HATLAB  550 


Viscosity.  caniiatokes,  at  ICO*  F 
Viscosity,  contistokes,  at  210"  F 
0  paig 

Viacoaity  Slo 


ASTM  D-445 


Fed.  Method  6505 
( modi  fled) 


Stirred  Rust  Teat,  10%  3eawater, 
140“  F,  2  days 

On-Off  Rust  Test,  50ft  seawater, 
140“  F,  50  days 
Ambient  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change.  Kg 
Copper 

Stainless  Steel,  516 
Copper-Nickel  (70-50) 
Aluminum,  CQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  Id 09 
Aluminum,  GQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
20,000  FSiG  Pressure-Cycled 
Corrosion  Test  ( lft  seawater), 
weight  change,  mg 

Insulated  Specimens: 

Copper 

Stainless  Steel,  516 
Copper-Nickel  (70-50) 
Aluminum,  QQ-A-250-Ab 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alio 


-  8.5 
+  2.7 
+  1.3 
+552.1 

-  12.7 
+  62-9 
-909.7 
+154.9 

-  1C.0 

-  2.4 
+  2.5 


asto  d-665 

See  Chapter  2 
Test  C-5 
See  Chapter  2 
Test  C-l 


See  Chapter  2 
Test  C-2 


I  I  I  -158 


Co.-rosicn  ?,  :->t  jc  ton  (Cont) 

E lectrically  Coupled  Sp«c iMnii 
Copper -Aluminum,  QQ-A-250-11 
Aluminum  OQ-A -2 50 -4b  . 

Copper -Nickel  (70-50) 

Mona  1- Bronze 
Stainless  Steel  (516)  - 
Phosphor-Bronze 
Silver  Baee  Blazing  Alloy  - 
Steel,  1004 

Aluminum  QQ -A -2 50-1 1  - 
Bronze 

Aluminum  QQ -A -250 -4b  - 
Steel,  1009 

20,000  PSIG  Stirred  Corrosion 
Test,  weight  change,  mg 
Insulated  Specimens* 

Copper 

Stainless  Steel,  Jl6 
Copper-Nickel  (70-50) 
Aluminum,  OQ-A-250 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  QQ-A-250-11 
Bronze 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens: 
Copper-Aluminum,  QQ-A-250-11 
Aluminum,  QQ-A-250-4b  - 
Copper-Nickel  (70-30) 
Honel-Hsronzs 
Stainless  Steel  (316)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  1009 

Aluminum,  QQ-A-250-11  - 


Bronze 

Aluminum,  QQ-A-250-4b  - 
Steel,  1009 
Pump  Test 

Average  Weight  Loss,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  mg/cm2 
Copper 
Aluminum 

Steel,  galvanized 
Steel,  1003 

Silver  Base  Brazing  Alloy 
Dielectric  Properties 

Resistivity,  So  *?,  ohm -ass 

As -Received  rgt 

With  Sea-Water  Contamination: 


12.6x10^1 

4.4X1011* 


0-5#  by  volume 
2  .OJf  by  volume 
With  Carbon  Contamination: 

t 


Metlu.d  "  ’  ) 


See  Chapter  2 
Teat  C-4 


Proposed  military 
specification  for 
sea-water  emulsi¬ 
fying  oils 


AS1W  D-1169  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-l 
Chapter  2 
Test  E-5 


Chapter  2 
Test  E-6 


0.255f  wt/vol. 
0.5#  wt/vol. 


Dielectric  Pu'ptrtU's  }i\ml) 

After  lect t \c  Arcs 

(makes  and  oreaka)  at  <>0 
volts,  10  amiK’rea,  t  •  s  i  "i  - 
t  i  vo  loaii 

Not  filtered 
Fi  1  tered 

Solids  ^enoiatt-d,  jram 
Dissipation  Factor,  80  *r,  % 

As -Received 

With  Sea-Water  Contamination! 
0.1%  by  volume 
0.5%  by  volume 
8.0%  by  volume 
with  Carbon  Contamination! 

0 . 10%-  wt/vo  1 . 

0.85%  wt/vol. 

0.b0%  wt/vol. 

After  hC.000  Electric  Area 
f  m  ikes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  80  CF,  kv 
As  received 

With  sea-water  contamination: 
0.1%  by  volume 
0.5%  by  volume 
2.0%  by  volume 
With  carbon  contamination: 
0.10%  wt/vol. 

0.25%  wt/vol. 

0.50%  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  i0  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65° -85°  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  TestT.  after  1-hour  set¬ 
tling: 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 
water  separation,  min 
Material  Compatibility  Static  20KPSI 
Butyl 
Buna  N 
Viton  B 

Ethylene -Propylene 

Tetrafluoroethylene  (Teflon) 

Neoprene 

Thiokol 

Silicone 

Fluorosiiicone 


5.^10^ 

2.2xl014 

1,16 


See  Chapter  8 
Teet  E-7 


See  unapttr  8 
Test  E-8 
See  Chapter  2 
-  Test  E-5 


See  Chapter  2 
Test  E-6 


ASTM  D-877  (mod¬ 
ified)  .  See  Chap¬ 
ter  2 .  Test  E-3 
See  Chapter  2 
TeBt  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTM  D-1401 


See  Chapter  2 
Test  E~4 
See  Chapter  2 
Test  C-3 


1  n-160 


Volatility 

Toxicity 

- ‘ 

\  - 

— 

Me  t  hod 

Density,  qrams/cubic  centimeter,  ati 

10C°  F 

i-oT'7ri 

0  psig 

S*°e  NSlOl, 

3, 000  psig 

Anmipo]  1  s  Kepoj  i 

5,000  psig 

MATLMJ  V,0 

8,000  psig 

10  000  psig 

15,000  psig 

20,000  psig 

3*5*  F 

100*  F 

150*”? 

feannMM  • 

See  NSRDL 

0  psig 

Annapolis  He port 

MATLAIi  350 

5,000  psig 

8,000  psig 

15,000  psig 

20,000  psig 

Chemical  Stability 

Oxidation  Stability  Test,  203°  F, 

ASTM  D-d 4* 

hours  to  failure 

Oxidation  Stability  Test,  250°  F 

Fed.  Me  thod 

Hydrolytic  Stability  Test 

Mi  1 itary  speci I 1  - 

Specimen  change,  mg 

0.12 

cation  MIL-H- 

Specimen  appearance 

Satisfact 

ory 

19457B 

Fluid  acid  number  increase. 

0 

- 

mg  ROH/gram  fluid 

Mater  acidity,  mg  KDH 

0.31 

- 

Insolubles,  $ 

nil 

- 

Thermal  Stability  '"’est 

- 

Fire  Resistance 

Flash  Point,  °F 

400 

ASTM  D-92 

Fire  Point,  °F 

435 

ASTM  D-9? 

Autogeneous  Ignition  Temperature,0? 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

51/66  of  March 

temperature,  °F 

1967 

Minimum  reaction  temperature. 

" 

No  indication  of  fire,  °F 

Maximum  pressure  change,  psi 

- 

Lowest  temperature  of  maximum 

pressure  change,  °F 

Temperature  range  explored,  "F 

- 

Miscellaneous  Properties 

Pour  Point,  °F 

-5 

ASTM  D-97 

Foaming  Tendency,  75°  F 

ASTM  D-892 

Foam  after  5-minute  aeration. 

- 

ml 

Time  out,  minutes 

- 

Foam  after  10 -minute  settling. 

- 

ml 

Neut  ’,lization  Number,  mg  MOH/groin 

0.03 

ASTM  D-974 

Mater  Content,  %  by  weight 

0.005 

ASTM  D-1744 

Neutrality,  qualitative 

Fed.  Method  5101 

Contamination 

- 

Number  and  sire  of  particles  and 

SAE  Method  ARP- 

fibers  in  100-ml  fluid 

598 

25-100  micrometers 

- 

100-500  micrometers 

- 

over  500  micrometers 

- 

particles  over  250  micrem- 

- 

eters  except  fibers  {.length 

ten  times  diameter) 

Gravimetric  Value,  mg/100  ml 

SAE  Method  ARP- 785 

Specific  gravity  at  69/60  °F 

0.868 

ASTM  D-1298 

Color 

ASTM  D-150C 

Co*! 

from  aupj 

slier 

- 

Availability 

a _ 

_ _ 

- 

^Determinations  made  at  atmospheric  pressure,  unless  noted.  ? Saturated  with  seawater. 


I  I  1-161 


Fluid  Code  K 


Suggested  Uses  and  Possible  Limitations 


Fluid  Code  K  meets  the  requirements  of  the  National  Formulary 
(NF)  for  medicinal  mineral  oils.  As  a  petroleum  oil  product 
its  dielectric  properties  have  not  been  determined.  It 
has  been  used  as  an  immersion  fluid  for  nonmoving  electric 
components  at  depths  not  exceeding  2000  feet.  In  one  particu¬ 
lar  instance  in  the  field,  it  failed  as  a  lubricant  for  moving 
parts.  It  provides  no  corrosion  protection. 


HI-162 


Me  t  hod 


Vlscowtric  Propertiaa 

Viscosity,  csntistokss,  ati 


0 

psig 

3,000 

psig 

5,000 

p»ig 

8,000 

psig 

10,000 

psig 

15.000 

psig 

20,000 

psig 

fluid  Cod*  k'  l- 
(Petroleum  Base  fluid) 


100*  F 


150* 


See  NSltDL 
Annapolis  Report 
MATIAB  350 


Viscosity,  csntistokss,  at  ICQ*  f, 
Viscosity,  csntistokss,  at  210  r, 
0  psig 

Viscosity  Slops,  ASTM 
lubricating  Ability  ~ 

4 •Ball  Near  Test.  30  min,  50*  0. 
52100  stael,  average  scar  dia., 

1  kg 
3  kg 
5  kg 


7.68 

2.23 

0-782. 


ASTM  D -445 


Fed.  Method 
(modified) 


6503 


Corrosion  Protsction 

Stirred  Rust  Test,  10)1  seawater, 
140*  F.  2  days 

On-Off  Rust  feat,  5u#  seawater, 
1-5C"  f.  30  days 
Advent  Pressure,  coupon 
stirred,  corrosion  test,  weight 
change,  teg 
Copper 

Stainless  Steel,  3l6 
Copper -Nickel  (70-30) 
Aluminum,  QO-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  CiO- A-250-11 
Bronze 
Monel 

Silver  Base  Brazina  Alloy 
20,000  PSIO  Pressure-Cycled 
Corrosion  Teat  ( 111  seawater) , 
wight  change,  mg 

Insulated  Specimens* 

Copper 

Stainless  Steel,  316 
Copper-Nickel  (70-30) 
Aluminum,  CO -A -2 50 -4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel,  1009 
Aluminum,  Qo-A-250-ll 
Bronze 
Monel 

_ Silver  Bees  Brazing  Alloy 


ASTM  D-665 

See  chapter  2 
Teat  C-5 
See  Chapter  2 
Test  C-l 


See  Chapter  2 
Test  C-2 


I  I  1-163 


He  t  hod 

urrosion  Protection  (Cont) 

Electrically  Coupled  Specmcnn 

_ 

Copper-Aluminum,  uU-A-2‘jO-ll 

Aluminum  y<j-A-?^0-4b  - 

Coppe r -N 1 eke  1  (70-JO) 

Mone 1 -Bronze 

- 

Stainless  steel  ( 316)  - 

- 

Phosphor-Bronze 

Silver  Base  brazing  Alloy  - 

- 

Steel,  1004 

Aluminum  UU -A ‘oO  - 1 1  - 

- 

Bronze 

Aluminum  0U-A-?t>0-4b  - 

_ 

Steel,  1009 

00,000  PSIG  Stirred  Corrosion 

Sec  Chapter  2 

Teet,  weight  change,  mg 

Test  C-4 

Insulated  Specimens: 

C  'pper 

- 

Stainless  Steel,  Jl6 

- 

Copper-Nickel  (70-JO) 

- 

Aluminum,  mj-A-?90-4b 

i 

- 

Phoepho  r -B  ronze 

i 

- 

Steel,  galvanized 

- 

Steel,  1009 

- 

Aluminum,  QQ-A-2S0-1) 

- 

Bronze 

Monel 

- 

Silver  Base  Brazing  Alloy 

- 

Electrically  Coupled  Specimens: 

Coppe r -Aluminum,  QU-A-?^0-l  1 

- 

Aluminum,  QQ  -A  -2  cj0  b  - 

- 

Copper-Nickel  (70-50) 

Monel -Bronze 

- 

Stainless  Steel  ( 3l6)  - 

- 

Phosphor  Bronze 

Silver  Base  Brazinq  Alloy  - 

- 

Steel,  1009 

Aluminum,  QQ-A-250-11  - 

- 

Bronze 

Aluminum,  QQ-A-?30-4b  _ 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Gears 

sea-water  emu  la..- 

Bronze  Bushings 

tying  oils 

Corrosion  Coupons,  weight  loss. 

each,  rag/cm^ 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

* 

Steel,  1009 

Silver  Base  Bra-ing  Alloy 

- 

Dielectric  Propert'es 

ASTM  D-II69  (rod- 

Resistivity,  *  F,  chm-cmi 

if ied) .  See  Chap- 

As-,  eceived 

ter  2  .  Test  E- 1 

With  Sea-Water  Contaminat ion  1 

Chapt • r  2 

0 . 15?  by  volume 

Teat  E-^ 

Q.3£  by  volume 

- 

2  .0%  by  vol»e 

- 

With  Csrbon  Contamination! 

Chapter  ? 

0 .  1$  wt/vol . 

Test  E-6 

0.2r*  wt/vol. 

- 

0 . 5:'  wt/vol . 

_ 

■■ 

I  i  I  -164. 


Method 


After  50,000  lleclitc  Arcs 
(mekee  and  breeke)  at  90 
volte,  )0  amperes,  reais- 
tive  load 

Mot  filtered 
Fi  ltered 

Soltda  generated,  gram 
Dissipation  Factor,  *F,  * 

A*. Received 

With  Sea-Mater  Contaaiinat loni 
0 . 1*  by  volume 
0  5*  by  voliuae 
8. 0H  by  voluaw 
Mith  Carbon  Con '.an  mat  tom 
0.10*  wt/vol. 

0.25 *  «t/voi. 

0.50*  wt/vol . 

After  50,000  Electr-.c  Area 
(makea  and  breaka)  at  oc 
volte,  10  — iperee,  resis¬ 
tive  load 

Mot  filtered 
r  iltered 

Solids  generated,  gram 
Dielectric  Eraakdown  Voltage, 
0.05- inch  g*P,  *F,  kv 
As  received 

Mith  sea-water  contaaiinat  ion ; 
0.1*  by  volume 
0.5*  by  volume 
2.0*  by  volume 
Mith  carbon  contamination: 

0 . 10*  wt/vol . 

0  .25*  wt/vol . 

0.50*  wt/vol . 

After  50,000  electric  arcs 
(makes  and  breaks)  at  90 
volts,  10  aaiperes,  resis¬ 
tive  load 

Mot  filtered 
Filte rad 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65* -fl5*  F 
Muatwr  of  t«*ts 
Operation*  to  failure  ( rang*/ 
Emulsion  Stability 

Paddle  Te*t,  after  1-hour  ict- 
tl ingi 
Oil,  m 1 
Ejeuleion,  ml 
Nittr,  ml 

Electric  Probe  Teet,  tun*  for 
water  ••pirition,  min 
Wittrul  Compatibility  Stacie  ?0WSI 
Butyl 

Bona  X 

V 1  ton  0 

t thy 1*«* -P ropy lene 

Tetre  f  luoro*th>  len*?  (Teflon) 

0«oprer*9 

Th icko \ 

5  1 1  .con# 

f  I'.kj rot  1 1  icon*  _ 


S*«  Chapter  ? 
Teat  E-7 


See  Chapter  ' 

Teat  E-J 
See  Chapter  ? 
Teet  E-‘> 


See  Chapter  ? 
Teet  t-C 


AST*  D-377  ( med- 
1 f led) .  See  Chap 
tei  7 .  Test  E-  } 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  7 
Test  E-3 


asr;  o-i9ci 


See  Chapter 
Test  t-k 
See  Chapter 
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Vo 1  a t 1 1 l 1  y 

Tux  ic  lty 

Petroleui 

■ 

Method 

Density,  grama/ cubic  centimeter,  at* 

0  psig 
\0C0  psxg 
h,000  psig 

8,000  psig 

10,000  psig 
l*  ,000  pa  ig 

00,000  psij 

T5*  r 

■isaBa 

1 1  CT  F 

See  NS Kb b 
Ann.jpo Jib  .-t 
MATLAB  * 

See  NSHDL 
Innapo  \  1  i  Ri 
MATLAB  V  0 

Isothermal  Comp re a a ibi 1 i ty ,  volume 

5‘j"  F 

tOC*  F 

1'  o'*  F 

decrease,  4,  ,sti 

0  psig 

5,000  psi- 
1 i.OOC  paty 

6,000  pal) 

10,000  psig 

16,000  pslq 

20,000  psig 

- 

•Chemical  Stability 

Oxidation  Stability  Test,  205*  F, 

astm  D-  )**  * 

hours  to  failure 

Oxidation  stability  Teat,  2 ‘j0‘  F 

Fed.  Method 

Hydrolytic  Stability  Teat 

Mill,  ary  sip< 

Specir>«n  change,  rag 

cat; or.  MIL-Ii 

specimen  Jppearance 

igh'.7B 

Fluid  acid  numher  increaae, 

- 

mg  KDH/g  ram  fluid 

hater  acidity,  mq  *OH 

_ 

Insolubles,  % 

- 

Thermal  Stability  Test 

- 

Fire  Resistance 

Flash  Toint,  *F 

o50 

ASTM  L) 

Fire  Point,  8F 

ASTM  D-l: 

Autuaeneous  Ignition  Tempe rature,  *F 

ASTM  D-l  I'  ; 

High-Pressure  Spray  Combustor 

See  ML L  Ro:..o 

Minimum  spontaneous  ignition 

• 

51/66  . !  M  .t  r 

temperature,  *F 

1  If? 

Minimum  reaction  temperature , 

- 

*  F 

No  indication  of  fire,  °F 

- 

Maximum  pressure  change,  ps l 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  range  explored,  *F 

- 

Miscellaneous  Properties 

Four  Point,  KF 

+15 

ASTM  0-17 

Foaming  Tendency,  7‘ *  F 

ASTM  D-d'i: 

1  Foam  after  ^-minute  aeration. 

- 

ml 

T15&*  out,  minute;' 

- 

Foam  aftc'  10-mnute  settling. 

- 

ml 

Neutralization  Number,  mg  KDH/gram 

aVS  TM  D- 

Water  Content,  %  by  weight 

ASTM  D-17‘^ 

Neutrality,  qualitative 

Fed.  Method 

Contaminat ion 

- 

Humber  and  sue  of  particles  and 

SA£  Method  A.’ 

fibers  in  IOC-*-  fluid 

-Vl6 

25-100  « i crane ters 

1 

- 

100-500  ale  reenters 

- 

over  500  eicrot'tteis 

- 

particles  over  250  tucror*- 

- 

2tera  except  fibers  (length 

t  en  *  :  oe  ■  d  i  t  c  * ' 

Gravimetric  Value,  eg,-  lOG  »1 

SAK  A 

Color 

astm  D  -  1  *  -  ^ ' 

Cost  $  'gal 

s  va  1  la  b  i 

•  free:  tu 

f>pi  ler 

- 

A\  a » labi  1 1  tv 

projr  1st 

isry 

- 

Sykterminat  i^ms  made  to  atmospheric  prsasur*.  aim  noted. 
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Fluid  Coda  L 


gttgwitid  Omi  and  Possible  Limitation! 


Fluid  Coda  L  is  a  silicone  oil  containing  an  additive  for 
improving  lubrication.  Laboratory  wear  measurements  show  that 
the  additive  has  improved  the  lubricity  when  compared  to  a 
silicone  of  the  same  viscosity.  However,  the  wear  tests  indi¬ 
cat  that  the  lubricity  of  Code  L  is  still  not  suitable  for  a 
motor  or  gear  lubricant  under  deep  submergence  conditions.  It 
affords  no  corrosion  protection,  and  it  is  extremely  flammable. 
Its  initial  dielectric  properties  are  good.  Because  this 
Droduct  is  a  slight  modification  of  MIL-S-21568A,  1-cs  fluid, 
it  should  be  a  good  second  choice  to  the  latter  product  for  all 
electrical  applicationr  other  than  motors. 
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Anniip  I  i ‘ 

HATLAb  ,l 


AS'l'H  U-V. 


Ft*  i .  M*  »  * 

(  r<rii  1  M  . 


1  kg 
^  *9 
5  k, 

15  kg 

30  min ,  5C*  C,  5.100  steel  1  kg 
60  nun,  50'  C,  5*' 100  steel,  1  kg 


Corrosion  Protection 

Stirred  Rust  Test,  10<  seawater, 
140*  F,  2  days 

On-Off  Rust  Te*i,  c0*^  seawater, 
1^0*  F,  30  days 
Ambient  Pressure,  coupon 
stirrer;,  corrosion  test,  weight 
change,  mg 
Copper 

Stainless  Steel,  3i6 
Copp^r-Nicke 1  (70-JC) 
Aluminum,  00 -A -250 -4b 
Phosphor-Bronze 
Steel-  galvanized 

S--.ee  1 .  1009 

Alum i num ,  Q0 -A-? 50-11 

Bronze 

Hone  1 

Silver  Base  Brazing  Alloy 
20,000  PSIG  Pressure -Cycled 
Corrosion  Test  (l?  seawater), 
weight  chan-^e,  mg 

Insulated  Specimens* 

Copper 

Stainless  Steel,  3l6 
Copper -Nickel  ' 7 0  -  VM 
Aluminum,  -A  -f  *  •.  -«b 

Phosphor-Bronze 
Steel,  galvanized 
Steel,  1  '«>! 

A  !  urn  1  nu:  ,  lAi  -A  - '  ‘  <'■  -  l  I 

Bronze 

Hone  l 

Silver  Base  IraziJVi  Alio*. 


,\stm  aJ< 


He <  hod 


Cor  tom  ion  Prat act  ion  (Con*) 

Electrically  Coupled  Specimens) 
Copper-Aluminum,  QU-A-250.il 
Aluminum  00 -A -2 SO -4 b  . 

Copper -Nickel  (70-50) 

Monel -Bronte 
Stainless  Steel  (516)  - 
Phosphor-Bronze 
Silver  Bare  Brazing  Alloy  - 
Steel,  1004 

Aluminum  00  -A  -2  SO  - 1 1  - 
Bronze 

Aluminum  QQ-A-250-41C  - 
Steel,  1009 

,0,000  PS1C  Stirred  Corrosion 
lest,  xeight  change ,  mg 
Insulated  Specimens) 

Copper 

St  inleee  Steel,  Jl6 
Cooper -Nickel  (70-50) 
Aluminum,  QQ-A-250-4b 
Phosphor-Bronze 
Steel,  galvanized 
Steel.  1009 
Aluminum.  QQ-A-250-1) 

Bron  e 
Monel 

Silver  Base  Brazing  Alloy 
Electrically  Coupled  Specimens) 
Copper-Aluminum,  QQ— 1-250-1 1 
Aluminum,  QQ-A-250-ltb  - 
copper -Nickel  (70-50) 

Monel  -Bronze 
Stainless  Steel  (516)  - 
Phosphor-Bronze 
Silver  Base  Brazing  Alloy  - 
Steel,  100<> 

Aluminum,  QQ-A-250-11  - 
Bronze 

Aluminum,  QQ-A^iO-itb  - 
Steel,  1009 
Pump  Test 

Average  Weight  Lose,  mg 
Steel  Gears 
Bronze  Bushings 

Corrosion  Coupons,  weight  loss, 
each,  dkj/c*^ 

Copper 

Aluminum 

Steel,  galvanized 
Steel,  1009 

Silver  Base  Brazing  Alloy 
Dielectric  Propectie s 

Resistivity.  76  ~*P,  ohm -cat 
As -Received 

With  Sea-Water  Contamination: 

0 .  by  volume 
0.5£  by  volume 
2  .036  by  volume 
With  Carbon  Contamination: 

0.136  Wt/VC'le 
0.25*  wt/voi. 

0.5^  wt/vol . 


5JDZ1011 


See  Chapter  7 
Test  C-li 


Proposed  military 
specification  for 
■ea-water  emulsi¬ 
fying  oils 


ASTM  D-llftO  (mod¬ 
ified)  .  See  Chap¬ 
ter  2  .  Test  E-l 
Chapter  2 
-  Test  E-5 


Chapter  2 
Test  E-6 


I  Pi* 'retire  Pi  ope  i «  '«»  (c  nt ) 

!  After  ‘C755o  Eject  iir  Area 

( make i.  and  breaks)  at  90 
volt*.  JO  amperes,  resis¬ 
tive  load 

Not  filtered 
P! ltered 

Solids  generated,  gram 
Dissipation  Factor,  76  *f,  # 
As-Roceived 

With  Sea-Water  Contamination! 
0.1#  by  volume 
0.5#  by  volume 
8.0#  by  volume 
With  Carbon  Contamination! 
0.10#  wt/vol. 

0.25#  wt/vol. 

0.50“'  wt/vol. 

After  |;0,000  Electric  Area 
(makes  and  breaks)  at  90 
volts,  10  amperes,  resis¬ 
tive  load 

Not  filtered 
Filtered 

Solids  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-inch  gap,  76  “F,  kv 
As  received 

With  sea-water  contaminations 
0.1#  by  volume 
0.5#  by  volume 
2  .0#  by  volume 
With  carbon  contaminations 
0.10#  wt/vol. 

0.25?>  wt/vol. 

0.50#  wt/vol. 

After  50,000  electric  arcs 
(makes  and  breaks)  at  -_,'1 
volts,  10  amperes,  resis¬ 
tive  load 

Wot  filtered 
Filtered 

Solid*  generated,  grain 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load.  6000  psi,  65° -85“  F 
Humber  of  tests 
Operations  to  failure  (range) 
Haul sion  Stability 

Paddle  Teat,  after  i-hour  set¬ 
tling! 

Oil,  ml 
Emulsion,  ml 
Water,  ml 

Elactric  Probe  Test,  time  for 
water  separation,  min 
material  Compatibility  Static  20KPS1 
Butyl 
Buna  N 
Viton  B 

Ethylene-Propylene 
Tetrafluoroethylene  (Teflon) 
Meoprene 
Thiokol 
S i 1 icon* 

Fluoroai 1  leone 


1  T 

f 


See  Chapter  2 
Teat  fc-7 


See  Chapter  I 
Test  E-? 
See  Chapter  2 
-  Teat  E-6 


See  Chapter 
Test  E-6 


ASTM  0-877  (mod¬ 
ified)  .  See  Chap¬ 
ter  2.  Test  E-7 
See  Chapter  2 
Test  E-5 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-3 


ASTM  D-1401 


See  Chapter  2 
"■est  E-C 
See  Chapter  2 
Test  C-5 
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Volatility 

Toxicity 

Silicon* 

Method 

Density,  grama/cubic  centimeter,  ati 

17  >  ' 

160*  F 

"Wf 

0  psig 

See  NSRDL 

7,000  paig 

Annapolis  Report 

5.000  psig 

MATLAB  350 

8,000  paig 

10,000  psig 

15.000  psig 

20,000  psig 

■ 

Isothermal  Compressibility,  volume 

aasam 

150*  F 

HUH 

See  NSRDL 

0  psig 

Annapolis  Rej>ort 

3,000  psig 

KATLAB  350 

5,000  paig 

8,000  psiq 

10,000  psig 

15.000  paig 

20,000  psig 

Oxidation  Stability  Test,  203”  F, 

ASTM  D-94J 

hour*  to  failure 

Oxidation  Stability  Tost,  250*  F 

Fed.  Method  53 08 

Hydrolytic  Stability  Tast 

Military  apecifi- 

Specimen  change,  mg 

cation  MIL-H- 

Specimen  appearance 

19457B 

Fluid  acid  number  increase. 

_ 

mg  HOH/gram  fluid 

Water  acidity,  mg  HDH 

_ 

Insolubles,  $ 

_ 

Thermal  Stability  Test 

_ 

Fire  Resistance 

Flash  Point,  ”F 

ASTM  D-no 

Fire  Point,  'r 

ASTM  D-rV 

Autogeneoua  Ignition  Temperature,  *F 

ASTM  D-2155 

High-Pressure  Spray  Combustor 

See  MEL  Report 

Minimum  spontaneous  ignition 

31/66  of  March 

temperature,  °F 

1967 

Minimum  reaction  temperature, 

«• 

- 

Ho  indication  of  fire,  °F 

Maximum  pressure  change,  pai 

- 

Lowest  temperature  of  maximum 

- 

pressure  change,  *F 

Temperature  range  explored,  *F 

- 

Miscellaneous  Properties 

Pour  Point,  *P 

ASTM  D-97 

Foaming  Tendency,  75"  F 

ASTM  D-892 

Foam  after  5-minute  aeration. 

ml 

Time  cut,  minute* 

_ 

Foam  after  10-minute  settling. 

- 

ml 

neutralization  Humber,  mg  HOH/gram 

ASTM  D-974 

Water  Content,  %  by  weight 

0.030 

ASTM  D-17'i't 

neutrality,  qualitative 

Fed .  Method  t  10  1 

Contamination 

_ 

■umber  and  size  of  particles  and 

SAE  Method  ARP- 

fibarp  in  100-ml  fluid 

598 

25 -ICO  micrometers 

_ 

100-500  micrometers 

_ 

over  500  micrometers 

_ 

particles  over  250  microm- 

_ 

•tars  except  fiber*  (length 

tan  tiama  diameter) 

Oravimetric  Valua,  mg/100  ml 

SAE  Mothod  ARP  -  t8c 

Color 

ASTM  D-1;'0C 

Coat  1/gal 

availably 

from  tup 

plinr 

- 

Availability 

IpronrletJ 

ja _ LI. _ 

- 

^Determinations  made  at  atmospheric  pressure,  unlee*  noted. 
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Fluid  Cods  H 


Suggest ad  Uses  and  Possible  Limitations 


Fluid  Code  M  hat  a  low  viacosity  which  would  indicate  that  it 
»ay  be  suitable  for  special  requirements  at  great  depths.  Its 
wear  test  is  rather  good,  indicating  the  possibility  of  favor¬ 
able  lubrication  properties*  It  provides  some  corrosion  inhib¬ 
ition*  It  has  a  low  resistivity  and  a  high  dissipation  factor. 
Making  it  questionable  for  any  electrical  application  at  deep 
ocean  pressure.  It  is  highly  flammable. 
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Me  t  hod 


fluid  Cod*  lit1) 

( Petrol eua  Itu  fluid) 


Vi econe trie  Proparti** 

Viscosity,  centistokes,  at ■ 

m 

1  100*  F 

150*  F 

r - 

Me  t  hod 

See  NSK0L 
Annapolis  Report 
MATLAB  550 

ASTO  D-445 

0  psig 

5.000  psig 

5,000  psig 

8,000  psig 

10,000  psig 

15,000  psig 

20,000  psig 

Viscosity,  centistokes,  at  100*  P, 
Viscosity,  csntistokss,  at  210*  F, 
0  psig 

Viscosity  Slops,  Asm 

! 

5.08 

1.20 

0.865 

! 

i 

E532S31£nC3IIBMMBMMMM 

4-®*  11  lfvar  Teat,  60  aiin,  80*  C, 

Fed.  Method  6*»03 

52100  stssl,  a v* rags  scar  dia.. 

( modified) 

Mt 

40  kg 

0.75 

Corrosion  Protection 

ASTM  d-665 

Stirred  Rust  Test,  10%  seawater. 

140*  F,  2  days 

past 

On-Off  Rust  Test,  50%  seawater. 

See  Chapter  ? 

140*  F,  50  days 

Fail 

Test  C-5 

Aabient  Pressure,  coupon 

See  Chapter  f 

stirred,  corrosion  test,  weight 

Test  C-l 

change,  aq 

i 

Copper 

-14.8 

Stainless  Steel,  516 

+  0.5 

- 

Copper-Nickel  (70-50) 

-  1.1 

- 

Alusiinun,  QQ -A -2 50 -4  b 

+  0.5 

- 

Phosphor-Bronze 

-  3.8 

- 

Stssl,  galvanized 

-  6.8 

Stssl,  1009 

+  0.2 

“ 

Alusinue,  OQ-A-250-11 

-  0.6 

- 

bronze 

-  7.3 

Mortal 

-  1.5 

* 

Silver  Baa*  Brazing  Alloy 

-  6.7 

20,000  PSIG  Pressure-Cycled 

See  Chapter  f 

Corrosion  Tsst  ( 1%  seawater)  , 

Test  C-2 

weight  change,  eg 

Insulated  Spec iwm  i 

Copper 

' 

Stainless  Steel,  516 

* 

Copper-Nickel  (70-50) 

Alusimna,  QQ-A-25C-4b 

Phosphc  r  -R  ronz* 

" 

Steel,  galvanised 

- 

steel,  1009 

- 

Alustintm,  Q0-A-w0-lt 

- 

Srons* 

- 

Monel 

' 

Silver  Base  Brazing  Alloy 

L_  .  _ 

L  __L_.  . 

..."  .... 

. — 

. 

Method 

Corrosion  Protection  (Cent) 

1 

Electrically  Coupled  :p>  cim-net 

- 

Copper-Aluminum,  uc-A -250-11 

- 

Aluminum  gy -A-250-4b  - 

- 

Copper -Nickel  (70-50) 

Monel-Bronse 

- 

Stainless  Steel  (  il6)  - 

- 

Phosphor -Bronte 

Silver  Base  Brazing  Alloy  - 

- 

Steel,  1004 

Aluminum  gg-A-:'.>-ll  - 

- 

Bronze 

Aluminum  QQ-A-?50-4b  - 

. 

Steel,  1007 

20,000  PSI0  Stirred  Co  r  os  inn 

See  Chaptci  2 

Test,  weight  change,  mg 

Test  C-4 

Insulated  Specimens! 

Copper 

Stainless  Steel,  3l6 

Copper-Nickel  (70-30) 

- 

Aluminum,  0U-A-r^)0-4  b 

• 

Phosphor -Bronte 

• 

Steel,  galvanized 

• 

Steel,  1009 

i 

- 

Aluminum,  QQ-A-280-11 

- 

Bronte 

a. 

Monel 

• 

Silver  Base  Brazing  Alloy 

- 

Electrically  Coupled  Specimens! 

Copper -Aluminum,  'JQ -A -?b0  - 11 

- 

Aluminum,  U0-A-?b0-4b  - 

- 

Copper-Nickel  (70-30) 

None  1 -Bronte 

- 

Stainless  Steel  (316)  - 

- 

Phosphor-Bronze 

Sliver  Base  Brazing  Alloy  - 

Steel,  1009 

Aluminum,  QQ-A-250-11  - 

- 

Bronze 

Aluminum,  00 -A  -T^O-^b  - 

- 

Steel,  1009 

Pump  Test 

Proposed  military 

Average  Weight  Loss,  mg 

specification  for 

Steel  Sears 

sea -va ter  emulai- 

Tronze  Bushings 

tying  oils 

Corrosion  Coupons.  weight  losi. 

esch,  mg/cm? 

Copper 

- 

Aluminum 

- 

Steel,  galvanized 

* 

Steel,  1009 

- 

Silver  Base  Brsting  Alley 

- 

Dielectric  Properties 

ASTM  0-1169  (mod- 

Resistivity,  77  "T.  ohm-csu 

2.8*10 

i  f led) .  See  Chap- 

Aa-Rcue ived 

ter  2.  Test  E-l 

W l th  Seawater  Con tam mat  ion  : 

Chapter  2 

0  .  l£  by  vo  1  ume 

-  Test  E-b 

0 by  volu»e 

- 

2  .03  by  volume 

- 

With  Carbon  Cont**inat ion : 

Chapter  ’ 

0 . wt/vol . 

-  Test  E- 

0.253  wt/vol. 

- 

0  wt/vol  . 

_ _ 

i _ 1 

_ _ 

- 
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Dielectric  Properties  (Cont) 

Alter  c  <0,000  Electric  Arc* 
(make*  and  breaks)  at  90 
volt*,  10  ampeics,  tea  is- 
tive  load 

Not  filtered 
Flit*  ed 

Solid*  ijene rated,  jiam 
Dissipation  Factor,  77  #F*  H 


As-R #ce ived 

With.  Sea  .Water  Contammationi 
0.1‘Jf  by  volume 
0 . *>!Jf  by  volume 
2.0#  by  volume 
With  Carbon  Contaminat ioni 
0.1  frt  wt/vol. 
o.?y/‘  wt/voi. 

0  .t>0#  wt/vol . 

After  SO, 000  Electric  Arc* 
(make*  and  breaks)  at  90 
volt.,  10  amperes,  real*, 
tive  load 

Not  filtered 
Filtered 

Solid*  generated,  gram 
Dielectric  Breakdown  Voltage, 
0.05-mch  gap,  77  *F«  kv 
As  received 

With  sea-water  contamination: 
0 . 1#  by  volume 
0 .  yt  by  vo  J  ume 
2.0$  by  volume 
With  carbon  contamination! 

0 . 10‘S  wt/vol . 

0.25-7  wt/vol. 

0 .50$  wt/vol . 

After  50,000  electric  arcs 
(makes  and  breaks)  .it  90 
volts,  10  amperes,  rosis- 
t : ve  load 

Not  filtered 
Filteree 

Solids  generated,  gram 
Contact  Life,  silver-cadmium,  50 
volts,  10  amperes,  resistive 
load,  6000  psi,  65* -fi5”  F 
Number  of  tests 
Operations  to  failure  (range) 
Emulsion  Stability 

Paddle  Test,  after  1-hour  set¬ 
tlings 
Oil,  ml 
Emulsion,  ml 
Water,  ml 

Electric  Probe  Test,  time  for 


>60 


20  6 


J2 

2} 

25 


Method _ j 


See  Chapter  7 * 
Test  E-7 


Set*  Chapter  7 
Te*t  Z-2 
See  Chapter  ? 
Te»t  E 


See  Chapter  2 
Test  E-6 


ASTM  D-877  (mod¬ 
ified).  See  Chap¬ 
ter  2  »  Te«t  E-3 
Sec  Chapter  2 
Te*t  E-6 


See  Chapter  2 
Test  E-6 


See  Chapter  2 
Test  E-8 


ASTH  D-  140 1 


See  Chanter  7 


water  separation,  min 


Test  E-4 


Material  Compatibility 
Rubber  swell,  %,  19* 
Butyl 

Buna  K  -  L  stock 
Buna  if  -  H  stock 
Viton  B 

tthy lene -Propylene 
Tetraf luoroethylen© 
Neoprene 

Thiokol 
S 1 1  icon© 

F luoros i 1 icon* 


Static  20KPSI 
*  r,  168  hr. 


21.1 

8.1 


See  Chapter 
Test  C- 


(Tef Ion ) 


Based  or.  atmospheric  pressure  data. 
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letrelsu 

Method 

“ 

penalty  <ff awg/eubic  cantiaatar.  att 

100'  F 

F/r-  f 

0  pel  9 

See  MbKOL 

3.000  pel? 

Annapolis  Hep., it 

5.000  peig 

AATLAB  350 

8,000  paig 

10,000  pelg 

15.000  peig 

20.000  paig 

iMtMni]  Conp.'llsibllitj  ,  v,; I uiv 

35*  f 

755*  f" 

-  jip  y 

decrease,  f,  ati 

. 

See  116  R0L 

0  paig 

Annapolis  Hepr.i  ' 

3,000  P*1? 

MATLAB  350 

5.000  (mi 9 

8,000  pslg 

to, 000  pi lg 

15.000  pit? 

20,000  pi ig 

CSmwicil  Stability 

-  ' 

"  '  L  '  • 

- - —n»  *  - 

Oxidation  Stability  Tilt,  20}*  F, 

tat  is  fact 

•ry 

AST*  D-9A7 

hours  to  future 

Oxidation  Stability  Test,  250*  |- 

Fed.  Method  '/PH 

Hydrolytic  Stability  r»»i 

Military  specifi- 

spac lain  change ,  m 9 

cation 

ftpac  u— n  appearance 

’9V,7e 

Fluid  acid  numbe c  increase. 

*9  HOM/gran  fluid 

Matar  acidity,  k>H 

- 

lniolublaa,  % 

Thenaal  Stability  Test 

Fin  Assistance 

Flash  Point",  *y 

215 

A-STM  D-J; 

rira  Point,  *r 

220 

AST*  D-J. 

Autogene-,  us  Ignition  T-m;  urature,*  F 

AST*  D-2157 

High -Pressure  Spray  ConLcifct 

See  K£L  Report 

Minima  spontdnrrxjj  nnitij/; 

31/66  of  March 

taupe raturc,  ‘f 

1967 

Minimus  raa<  t  ion  temper  sturr, 

•f 

Ho  indication  of  fire,  V 

Maxima*  pr*t«ur*  chain^e  #  p.* 

Lowest  twspersture  of  naximur 

_ 

pressure  change.  *F 

Tcaperature  range  explored,  ’ F 

Miace llaneoua  Properties 

Pour  Point,  "r 

,  -90 

AST*  D-'u 

Foaaiik)  Tendency.  75*  F 

AST*  D-fc<57 

Poe*  after  5-ninute  aeration. 

- 

TiJ»  uut,  minute* 

Foaa  after  10-nnutr  settiinj. 

_ 

nl 

Mautral  ix«:  ion  Kuri-ci,  a*j  WDH/ijraa 

0.0J 

AiTM  U-JT1' 

tfatar  Contents  f  by  vai^ht 

0.0J5 

AS  TH  0-  17‘ri 

leutrality,  qualitative 

1 

Fed.  Method  101 

Con  tan  mat ion 

_ 

Muahar  and  arte  of  particles  and 

SAZ  Method  ARF - 

fibers  in  100 fluid 

598 

25-100  eicrcxaeters 

100-500  alcrosci.r. 

„ 

over  500  nicroaeters 

pert  iclee  over  r50  si-.-roe- 

•  C«rs  vxcvpt  fiber*  (  irnv/ih 

tan  tiM«  diwwt«r) 

Grsvimrtrlc  V*l**«,  mj/ 1  CO  a: 

SAS  Mv'hc-J  AXP-  78; 

Specific  gravity  at  70/6-7  *F 

7.856 

j 

AST*  0-12/8 

Color  ; 

! 

AST*  D-1W 

Coat  a/—  l 

■  vsi labld 

f  ru*  sep 

>ller 

Availability  Ipro^riscJ 

SC- 

1 

J 

Ipntnnai  nation#  nade  » t  iuc«[MrK  pmnr«,  un  1  e  e  e  noted. 
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Fluid  God*  N 


Suggested  Uses  and  Possible  Limitations 


Fluid  Cod*  H  ia  *  sea -water-coaq>atible/vater-glycol -type 
hydraulic  fluid  and  lubricant.  It*  viecoaity  ia  high,  but 
since  it  haa  a  water  baa*  it  ia  poaaibla  that  preaaur*  would 
iacraaa*  tha  viacoaity  by  only  a  small  amount.  It  provides 
fair  lubrication  for  all  conditions  except  rolling  contact. 

It  provides  sea*  corrosion  protection.  It  will  be  unsuitable 
for  any  electric  application  at  deep  ocean  pressure  since  its 
water  base  gives  it  unsuitable  dielectric  properties.  It  is 
fir*  resistant  in  spit*  of  its  low  flash  point  since  it  will 
cease  to  burn  when  the  source  of  ignition  is  removed. 


HI-177 


riui*  cod*  i(l) 
(water-Olyool  typo  fluid) 


Vlecoeatr ic  Properties 

viscosity,  centlatokea,  att 
0  psig 
5.0CC  psig 
5.000  paig 
8,000  psig 
10,000  pdf 

15.000  peig 
20,000  paiq 


j?  r 


Viscosity 
Viscosity 
0  pt  lg 
Viscosity  SI 


centietoksa,  at  100*  r, 
centlatokea,  at  150*  r. 


Idbrlckting  kbilfty 
k-*ali  Wear  Test, 
52100  steel 


ASW 


50  Bin,  50*  C, 
average  tear  dia.. 


1  kg 

5  kg 
15  kg 


67.3 

20 

0.533 


0.8l 


ioo*  r 


1‘"*  F 


Method 


Sae  MSRDL 
Annapol  la  km*  i  i 
(.ATLAS  550 


ASTM  D-V.' 


Fed.  Me' hud  t‘ 
(  rr.<  .d  l f  Li  d) 


Corrosion  Protect  ion 

Stirred  kuat  Teat,  10*  ses>;ater, 
140*  r.  2  dava 

On-Off  kuat  Test,  50lf  seawater, 
140*  r,  30  days 
faabisnt  Brass*-, re,  coupon 
stirred,  corrosion  test,  weight 
change.  rg 
Copper 

Stainless  Steel,  316 
Coppe  r  .kicks  1  (70-30) 
Al-raiieue,  00  A -? 50 -4b 
fhofpfo?  r -Bronte 
Steel,  galvanized 
Steel,  1009 
Musi  e,  00 -k -2 50-1 1 
Bronze 
(fcmel 

Silver  Bass  Brazing  Alloy 
20.0CC  ?SJO  Pr»s*ure-Cyc led 
Corrosion  Tuat  (IS  seawater)  , 
weight  change,  »g 

Tnaajattd  Spsciwenst 
Copper 

Stainless  -1t.ee:,  *16 
Copper  . Stick#  1  {70-50) 

A iiaai nasi,  uC _s  'IT.  -n  t> 
phosphor -Bronze 
Steel,  galvanized 
SteaS,  1009 

k  1-4*1209 ,  wii  -A  -2yC  - ;  1 

Cranse 


S  l  : y-t  1  Base  Brazing  AS  loy 


faii 


t  rail 


3.S 

C-5 
1.’ 
IA 
3-3 
6.  C 


-452 


O.t 

3.2 

l-l 

9-2 


j 


ASTM  D-f/:, 

See  Chapter  T 
Test  C-y 
See  Chapter  T 
Test  C-l 


Sen  Chanter 
Teat  C-2 


! 


Qt*  r  l oa  ten  1*  i  ot  vex  i  v>n  (T-  ntj 

'  t  I  I.jl  1  1  Sj  ■  r «  i,:, : 

tVppe  i  -A  1  us'-  s  rv.ir  ,  -A  '  A)  •  1  l 
Aluminum  sAJ-A-:4,'-4  -  - 
Cl'PJM*  s  -N  :  ok.**  1  (Yv*.*0) 

Hi  nt  l  -3 1 ,  >nzc 
Stainless  Si  eel  (Ml)  - 
Pln>?-phoi  -P i -m/* 

Ml  vet  Bast  Hi •  it.  |  A 1  h>\  - 

Steel,  1004 

Aluminum  0.11  - 

Bronze 

A  1  um  i  mir.  sjw  -A  ‘  -4  b  - 

:;teel,  UV) 

7 0 ,  v.'OC  PS  Ul  St  i  t  rev)  C*  :  us  .  n 
Test,  vt*  i  |  h  t  rhu  •  ■ ,  r-, 

InituUtt'd  Jlpei'in  on 
Coppc  t 

Stainless  Steel,  5l6 
Crppe  i -N  U'Kc  1  (70-50) 

A  1  up*.  i  nur ,  -,g  -A-P  *jC  -4  b 
P  ho  a  |,  ho  x  -  li  i  at  . e 
S  t  v<*  1 ,  ja  1  van  i zed 
Steel,  1>  v  > 

Aluminum,  wd-A-'  ‘ O- 1 1 

Bronze 

Hone  1 

Silvct  have  Brazing  A 1 1 o', 
Electrically  Coupled  S{>eo  imcns : 
Coppc  i  -A  1  up :  num,  ^\/-A-i‘0-ll 
Alumir  ysj-A-r‘.4  -4  b  - 
Coppv  i  -N  ickc  1  ( ?r  .  *(  ) 

Hone  1 -Bronze 

Stainless  Steel  (*l6)  -  | 

Phosphi  t  -Bronze 
Silver  Base  Brazing  A1U 
Steel,  1000 

Aluminum,  wW-A-'  *.  -il  - 
Bronze 

A 1  urn  i nur,  y\j-A-'M  -  -  b  - 
Steel,  10OJ 
Pump  Teat 

Average  Height  Loss,  r  j 
Steel  deers 
Bronze  Bushings 
Corroeion  Coupons,  weight  ic 
each,  mq/  cm* 

Cc  ppe  r 
Aluminum 

Steel,  galvanized 
Steel,  10C3 

Silver  Bear  Brazing  A*  lay 
Dielectric  Properties 

Be  s  i  a  t  i  v  1 1  y  ,  T,  o h»  -cm  : 

Ae-Bece i  ved 

With  Sea-Mater  Contain  ir.i*  ion: 
C.l<  by  'volume 
0  .  ^  b y  vo  I  ut.w 
7  .Of  by  volume 
W  *. '  h  Ca  rbor  Cunt  am  mat  ;or. : 

C  .  ;  v  w{  'VO  l  . 

c.r*>c  wt.'voi . 

0  *'  %  w  t ,  vt>  1  . 


8.1 

35-1 
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DWU ctnc  P lopa^t  las  (Coi  ■ 

After  ‘..0,600  f  lor  trie  Arc  a 
(ukti  and  break*)  j‘.  wo 
voI?»,  ’0  aaiperss, 
tice  load 

Hot  filtered 
Ft  ltered 

Solid*  generated,  1  ,ir 
Dissipation  Factor,  *F,  t 
».• -Race  1  '*  d 

With  Sea-Water  Contaeu  nat  u,n» 
0.1)1  by  voliuae 
0.5H  by  voliuae 
t.Q*  by  voluteo 
With  Carbon  Contaaiinat  tom 
0.10)1  wt/vol. 

0 .}$%  wt/vol . 

0.50*  wt/vol. 

After  50,900  electric  Area 
(teak**  arid  break*)  at  90 
volts,  10  aaaparas,  resls- 
tlve  load 
Hot  filtered 
Filtered 

Solids  generated,  gran 
Dielectric  Breakdown  Voltage. 

0, 05-inch  gap,  *F,  kv 
A*  received 

With  aea-weter  con  tarn  mat  uni 
0 . 1)1  by  vo lines 
0  .yf  by  vo  1  uja* 

£  .Of  by  volume 
With  carbon  contaaiinat  ion  1 
0 . lOjf  wt/vol . 

0  ,25<  wt/vol. 

C.50$  wt/vol. 

After  5O,00C  electric  ires 
(naks*  and  breaks)  at  90 
volta,  10  ajsperes.  eC.;3_ 
tiv«  load 

Hot  filtered 
Filtered 

Solida  generated,  grain 
Contact  Life,  1 1 1  ver-cadauum,  50 
vclta,  10  aispers*,  fi-3i»tive 
load,  60CO  poi,  6>* -35*  F 
Huabe,  of  testa 

Operations  to  failure  'ran;.)  i 
Cwulaion  Stabilit. 

*  F add la  Test,  at  tor  1-hour  set¬ 
tling! 

CU,  ■> 

Emulsion,  si 
Water,  el 

Electric  Frobe  Test,  time  f.  1 
water  separ ion ,  run 
Watenal  Compatibility  Static  y)KT  3  f 
Botvl  j 

Bur.a  H  | 

Viton  a  > 

I  thy  Ion*  -P  ropy  i  css 
Tet f* f iuoroe thy  lane  (Teflon! 
Weoprene 

Thloko!  j 

5  *  1 1 cone 


Good  ; 
lir.od  ; 

Good  ! 
Good 
Good  | 
’sir  -Good ! 

hxir 


’ uc  roe  lit ions 


_ i  .  Xjsjl 


j 

i 

1 

I 

j 

i 


1 


_  f_yd 

See  Chapti  1 
Test  E-7 


Sot*  Chuj  t  1 
Teat  1.-: 
See  Chapter  1 
Teat  t- 


See  Chap"  ■  r  ? 
Teat  F-- 


ASTM  0-B7?  I  rv 
i f led) .  See  Chi 
ter  T  .  Test  F 
See  Chapter  '? 
Test  T— 


See  Chapter  f 
Test  E-5 


|  See  Chapter  V 

Test  Z-i 

I 

\ 


I 

j  ASTK  a -140  I 


;  >'cf  Chapter 
Tfit 

[  Sc i*  C hap t  c  - 
j  Ter  i'-) 


a  t*c-#  oS«  r  i  c-  pr***--*,-* 


volatility 

Toxicity 

Fill 

He  tar 
Olycol 

_ Mil  hoi 

Density,  grama/cubic  cantimater,  ati 

35 ’  p 

100*  F 

tv>^  1 

See  NSRDL 
Annupolib  H-  j. 

KATLAB  V 

C  paig 
’,000  pa ig 

5.000  ps:g 

8,000  paig 

10,000  paig 

1^,000  paig 

20,000  paig 

I  ao  thermal  Coaprrssibil ity,  volume 

35*  f 

100*  f" 

1T0-  c 

im craaaa.  #,  ati 

See  NSRD1. 

0  paig 

Ann<i[X)|  i  .  R* 

3,000  paig 

MATLAB 

3.001  paig 

8,000  paig 

10,000  paig 

15.000  paig 

20,000  paig 

Chemical  stability 

Oxidation  Stability  Teat,  205“  F, 

ASTM  D-1'.  ’ 

hour a  to  failure 

Oxidation  stability  Teat,  250*  F 

red .  Hot  hot4  1 

Hydrolytic  Stability  Teat 

Military  xpt 

Spec  lawn  change,  mg 

0.02 

cat  ici  HI L-H 

Specimen  appearance 

iatisfact< 

ry 

!94'.7H 

Fluid  acidity  pH 

9.8 

- 

Inaolublea,  % 

nil 

Thermal  Stability  Teat 

Fire  Resistance 

Flaah  Point,  ’ F 

265 

ASTM  D-9? 

Fire  Point,  *F 

270 

ASTM  D-Or 

Autogeneoux  Ignition  Tei«perature,°F 

825 

ASTM  D-7  1-55 

High-Pressure  Spray  Combustor 

• 

J»£tr  MEL  RcpOl 

Minimum  spontaneous  ignition 

500 

M/66  of  Marc 

temperature,  °F 

19(7 

Mini-tum  reaction  temperature. 

460 

' 

(to  indication  of  fire,  ”F 

450 

_ 

-- — ''Maximum  preasure  change,  psi 

200 

- 

Lowest  temperature  of  maximum 

56C 

- 

presaure  change,  *F 

Temperature  range  explored,  *F 

150-560 

Miscellaneous  Properties 

- 

Pour  Point,  *F 

-^0 

AS1W  D-  17 

Foaming  Tendency,  75”  F 

ASTM  0-897 

Poem  after  3-minute  aeration. 

280 

* 

ml 

Time  exit,  minutes 

4 

- 

roam  after  10-minute  settling. 

0 

- 

ml 

ion  Number,  my  KDK/gram 

ASTM  D-T,''. 

Mater  Content,  %  by  weight 

ASW  D  -  17' *4 

Heutrality,  qualitsive 

r ed .  Me  t  hod  1 

Contamination 

- 

Burnt-.  -  and  aiza  of  particles  and 

SAL  Meth.  J  A  HI 

fibers  in  100-mi  fluid 

‘•^6 

25-iOO  micrometers 

- 

100-500  micrometers 

- 

over  5ft-'  micros*,  feta 

- 

particles  over  250  micro®- 

- 

eters  except  fibers  (  length 

ten  tiamn  diameter) 

Craviamtnc  Value.  mg/’.OO  ml 

SAL  >  ARi 

Color 

ASTM  !)  - 1 1  OC 

Coat  J/yl 

t  variable 

from 

her 

“ 

Availability 

rtoBtitui 

oc - 

.... 

_ T__  — _ 

*T>eter»t  nation*  made  at  atmospheric  pr*»»ur<,  unless  noted. 
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*  Baaed  or.  ataoaphenc  preaeure  data. 


r  Mat hod 
(Bee  Chapter  2 
■  Teat  C-3 
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